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FOREWORD

This repo"t covers an engincering study and test program conducted by Goodyear

Aircraft Corporation on a cost-sharing basis for the United States Air Force, Rome Air ~~
Development Center, under contract AF3O(602)-2753 during the period from 4 May 1962

throughi 30 November 1962.

This report is desi~natwd as Goodyear Aircraft Corporation Engineering

Report GER-10670.
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ABSTRACT

This report describes the results of an engineering study program fets post-
attack, survivable antenna installation, The purpose of the ptoJram wa' to determine the
feasibility of an air supported, integrated, radome-antenna conf'guratiou that can be
packaged in a rmall volumre, stoed underground in a hardened 4.nclosure, and capable of
being q';ickly and -utornaically erected. Performance charactexistics are to be comFara-
ble to a conventional 25 by 18 foot parabolic reflector.

Theoretical computations wer: made to establish the a'erture parameters, feed
configuration, reflector shape, and reflector parallel conductor ionfiguration. Tests were
performed to confirm the theoretically establishel design confiIuration. Accuracy re-
quirements were establizhed for the reflector shape and parall I conductor arrangement

A preliminary stress analysie was made to establish thl strength requireueuta for
the inflatable antenna structure under operational envionmentaL conditions. A design
configuration is presented for the inflatable antenna structure. Material selection con-
siderations, tooling, and manufacturing techniques are discuss d.

A preliminary design concept is presented for a4wrdend antenna stowage enclo-
sw,, which also includes feed erection and rotation mechanist, s and inflation system.

A scale model of the inflatable anten,,a was derigned, abricnted, and tested.
Extensive far-field #nrermaa pattern tests were performed, and r sults are shown.

re sults of the study and test program show that an antenna system consisting
of a rotatable reed inside a non-rotating inflatable structure that serves as both a radowe
and a reflecto ir feasible. An inflatable structure can be fabrjcaed to a specified con-
tour, surfaced 'with a reflector consisting of closcly spaced parallel conductors, and after
inflation mainlain this contour such that it will successfully meet radiation and environ-
mental requirements. Also an inflatable antenna of this type cln be practically stowed
in and deployed from a hardened enclosure designed to withstand nuclear attack.
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AN ENGINEL RING STUDY OF A POST-ATTACK ANTENNA SYSTEM

1. INTRODUCTION

On 4 May 1962 Good (ear Airc:aft Corporation (GAC) initiated an engineering study under con-
tract with Rome Air Development Cente." (RADC) of the United States Air Force to determine the
feasibility of an air-supp oted, integrated, radome-antenna configuration and at the same time
determine its adaptabil4; to a post-attack, hardened posture.

In addition to the contract funds from RADC, GAC approximately matched these funds from
company development moies to allow for exparded effort in certain phases of the program. The
coiaposite results of both efforts are presented in this technical documentary report.

The basic concept, which uses a parallel :onductor grid made of a metAllic material as a re-
flector, is not original wich GAC; however, GAC has adapted this concept to an inflatable srruc-
[rie suitable for storage 'and erection from a hardened posture. The need for practical antenna
systems that can be utilized tallowing a nuclear blast is very real. With increasing warhead
yields it has become very difficult to design an above-gound system that can survive both the
fireball or the ovet-pressure levels. At the same time there is a practical size aid economic limit
to which hardened installations can be built to house fully erected antennas.

W;th this aim in mind a program was initiated which utilized the hardened concept but at the
same time was capable of packagng the antenna in a relgtively small volume when not operational.
During thei following six months (May thiough October 1962) GAC studied the problems, conceived
a design, and tested a scale model of such a .ystem. The results Lf this program are contained
in this technical documentary report.

2. SUMMARY

The results of the engineering study to determine the feasibilty of a post-attack survivable
antenna installation are that such an antenna systew is not rnly feasible but also very practical.
Two basic cnclusions were reached:

(1) An infla'able stucture can be fabricated to a specified contour, surfaced w'th a reflector
* consisting of a grid of closely surced parallel corductors or dipoles, and after inflation

hold its co-n:,our such that it will successfully meet its specified radiation and environ-
mental requirertents.

(2) Based un prcliminary design data and the adaption of standard methods used in the hard-
ening of missile silos, a practical, unsophisticated, hardeied euc!osufe can be designed
to meet the storage and erection requirements of a post-attack antenna system. The level
of protection provided is related directly to the capability of the enclosure.

Table I out!ines the antenna performance parameters established by the contract as design
goals. It also compares these goals with those parameters achie-,ed during the rf far field tests
at the center frequency of 9080 mcs of a 0.1377 scale model of the radomn:-antenna configuration
(Radoflector*). All goals were achieved by the scale midel tests except fnr the -15 db side lobe
level achieved versus the -25 db side lobe drsired. However, after an L.-mination of program
test results, it is believed thaz a miniraum of -19 db side lobe level can be achieved in a full-
scale unit by optimizing the reflector shape, improving contour accuracy, minimizing aperture
blockage, and further reining the feed desi&o.

*An antenna consisting of a rotatable fixed feed inside a non-rotating inflatable structure that serves as
both a iadome sad a parabolic antenna.

7-1 !



TARE 1.
Antenna Performance Parameters

PARAMETERS FULL-SCALE U.1377 SCALE R

DESIGN GOALS MODEL RESULTS

S.ze 18 x 25 ft parabolic Horizontal - 3.25 ft Not a design goal as

reflector (spherical shape) such, but an informa-
Verri,:al - 3.35 ft tion parameter.

(shaped parabolic)

Frequency 1.2 - 1.3 gc (kmc) 8.720 - 9.440 gc Operating frequency is
an inverse function of
the scale factor.

Gain 30 db 30.9 db At the center frequency
9.08 gc.

Side Lobe Levels -25 db -15 db At the center frequency
of 9.08 gc.

Azimuth Beamwidth 2.5 degrees 2.1 degrees At the center frequency
of 9.08 gc.

Elevation Beamwidth csc2 
0, from 9 to 30 csc

2 
0, from 9 to 30 At the center frequency

degrees degrees (±1.5 db) of 9.08 gc.

It is important to realize thaL the scale model Radoflector achieved the re ults of Table I on
its initial try. The scale model could have been optimized to improve the side lobe level by some
figure; however, inas,nuch as only ieasibility was being proven, it was determined that the expend-
iture of additional time and money would not be worthwhile in this phase of the program.

Installed as a groatnd ctn.,:ol ictercept or return to bose comm'.nications antenna, in the en-
virons of a missile silo compie= as at, emergency comm,,_';cations (troposcatter or microwave)
system, or as san emergency search radar system in the aircraft air defense environment, the post-
attack antenna system will be capable ,.f erection and operation without external resources imme-
diately follo-ving a devastating cuclear blast.

It is recomwended that the Air Force prvieed with the design and fabrication of an engineer-
ing service test model of the post-attack antenna system described herein and also included in the
prototype design data. Particularly, it is recommended that immediate effort be applied to the
materials test program outlined in Se,'tion 3 to select the best combination of high-stren,.h, light-

weight, inflatable materials.

3. ENGINEERING STUDY

A. General
The post-attack antenna system described herein (Figure 1) employs an inflatable trncated

oblate spherical radome-type strucrt're 69 feet in diameter. Parallel metallic conductor-.
bonded to the surface at precise intervals and inclined to cross all lines that are parallel to the
base at 45 degrees for the top half of the reflecting surface. The bottom portion of the reflecting
surface is netallized. The metallic conductors and metallized section are emplayed over 360
degrees of the Radoflector in the horizontal plane and their combined vertical height is 25.4 feet.
The bottom edge of the illuminated aperture will be 5 feet above ground level. The desired beam
shaping is accomplished by contouring the reflector surface.

2~
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The feed, located within the expanded structure at the focal point, radiates energy with 45
degree polrization pajallel to the metallic conductors which reflect the energy. The reflczted
collimated energy is then transmitted through the opposite side of the oblate spher:oid since the
conductors are oriented 90 degrees from their counterparts on the reflecting side. By proper
choice of conductor size and spacing, the reflected beam will not be appreciably affectcd by the

conductors or the metallized surface. The feed horn is rotated to generate the scanning.
To determine the fessibility of such a system the engineering study s as approached as

follows:
(1) With the full-scale parameters (Table 1) firmly in mind, the initial effort was applied to .7

the determ+nnation of the vertical contour and a prop-r scale factor for a scale model.
(2) The design z !he scale model was determined, and fabrication was completed.
(3) As fab..cati n and testing of the scale model were proceeding the design of :he full-scale

system .s also being carried forward with the intended purpose of applying to the full-
scale design that which was learned from the scale model design, fabrication, and test.

The engineering study was divided into three major areas:
(1) RF Design. The rf design estAblshed the reflector aperture nnd contour requirements,

scale factor for the scale model, the feed design, the size and spacing of the reflective
material, transmission line characteristics, etc.

(2) Inflatabl- Ct'cture Design. The inflatable str-cture design established the infiatable
rtrcture -..,figuration and fabrication requirements for both the scale model and full-size
post-attack antenna system.

(3) Mechanical Design. The mechanical drsin established the configuration oi the mounting
base, guying cystem, inflation and regulation, hardened enclosure requirement, etc., for
both the scale model and the full-scale system.

B. Rf Design
1. General
An antenna system that cnsists of a reflector surface ad a source of primary illumination

will exhibit & secondary patteio which is dependent upon two independent parameters:

(1) Reflector contour.
(2) Distribution of primary illumination across the reflector aperture.
The following concepts can be used to obtain a shaped secondary radiation pattern:
(1) Complex feed concept. A shaped secondary radiation pattern can be prcduced by using a

parabolic reflector and a feed system d..t exhibits a sh.ped primary pattern with more
than one focal center. The required complex feed system can be made up of an array of
feeds or a lens anA feed combination. The feed array would exhibit more than one dis-
crete focal center. The principle of superposition can be used in determining the distri-
bution of focal centers an-d the radiation characteristics of the feed array.

(2) Shaped reflector concept. A shaped secondary radiation pattern can be produced by using

a simple primary feed and a contoured reflector surface. A portion of the refle-tor would
be paraboloidal, and a portion wil! be contoured according to geometric optics and con-
sefvation of energy principles.

The shaped reflector concept was chosen in preference to the :omplex feed approach for the
initial design effort. The shoped reflector concept ;ends itself easily to the inflatable structure
(Radoflector) design and reduces the complexity of the feed design.

2. Aperture Parameters
The aperture requirements of the pcoposed full-scale antenna are dependent on the gain, side

lobe, and azimuth beamnwidth requirements:

Gain - 30 db.f
Side lobe level - -25 db (maximum).
Az muth beamwidth - 2.5 degrees (maximum).

4. ,
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by applying these requiremen.s to the relations that determine gain, side tobe level, and

beamwidth of a paraboloid antenna, the required aperture diameter (D) can be determined. It

should be noted that the required gain figure must be increased to compensate for losses due to:

(1) Shaping of the elevation pattern.
(2) Non-perfect reflecting surface (metallic conductors parallel to E field).

(3) Reflection from non-perfect radorae maz.zal (nieCallic conductors perpendicular to E

field).
The center frequency (f0 ) of the full-scale antenna. is 1.25 gc (kmc). At this frequency the

corresponding free-space wavelength () it 9.45 inches.
By aissuming the e'evation beamwidth 0, (before slaping) to be equal to the required azimuth

beamwidth a, a gain figure for a parabolo;i antenna can be determined by the following experi-

mentally determined relations (Reference 1):

G (power gain) = 27,000//3. (1)

When a - /3 = 2.5 degrees, G = 4330.

The gain figure expressed in db is G(db) = 36.3 db.
In determining a net gin iigure, a reduction of 2 db from this gain figure due to shaping of the

elevation pattern was assumed (Reference 2), and an additional loss of 2 db due to non-perfect re-

flective and tran.missart surfaces was estimated from cursory wire gtid studies. The net gain

figure of 32.3 db is 2.3 db greater than the requirement for the proposed antenna system.

The required aperture diameter (D) is determined from the azimuth beamwidth requirement from
the following relation (Refcrence 3):

Half-power beamwidth, a = (69.5 degrees) (X/D). (2)

Letting a - 2.5 and solving for D,

D - 262.0 inches or 22.0 feet.

An optimum spherical surface which will approximate the required parabolic surface of ap.'r-
ture diameter (D) and the corresponding optimum .ocal poin (Fop) can be determined from the fol-
lowing relations (Reference 3):

(a/R)
4 
- 14.7 (A/A)/(Rl,') (3)

and

Fop 1/4 (R + ,IR- a
2

) (4)

where

a = aperture radius = D/2
R - radius uf required spherical surface and

A /A = maximum allowable phase deviation in wavelengths 1/16.

Using the above relations, the required radius is

R - 27.2 feet (minimum).

To compensate for contour tverances and a desired iowedge illumination (in the order of -12

to -14 db) a radius of R = 34.5 feet was chosen. The purpose of decreasivS edge illumination is
to decrease side lobe levels and the phasing effects of the shaped pattern. From Equation 3, the

corresponding value for parabolic aperture diameter is D - 25.4 feet.
From Equation 4, the optimum focal point (Fo) corresponding to R = 34.5 feet is Fop = 16.65

feet.
3. Feed Desigr.
The simplest antenna feed for the proposed antenna is an ordinary rectangular aperture wave-

guide horn. Th H-plane axis of the horn is positioned at an angle of 45 deg:ees Xith respect to

5



the horizontal. The horn is required to exhibit e'.ual E-plane and H-plane radiation patterns in
order to achieve horizontal and vertical iumination symmetry. The apeiture and focal point re-
quirements of the proposed antenna require a horn that exhibits a -IC db taper at ±41 degrees in
both principal planes. From de:i-gn and experimental considerations, a suitable primary feed horn -

will have an H-plane aperture (A) of 15.35 inches and an E-plane aperture (B) of 11.0 inches.

A more efficient primary feed is one that exhibts an elliptical illumnination pattern with theA

horizontal beamwidth of the pattern broader than the vertical beamwidth. In this marner the gain
and side lobe levels snould be improved by the more efficient :llumination of the available aper-

ture. However, since the proposed antenna requires an E-field polarization of 45 degrees, a com-
plex feed horn design would be necessary. Such a horn would utilize a section of square or circular

guide and a phase shifting card. The basic principles are similar to those used in the design of
circular polarized horns.

From the standpoint of simplicity and econony, the rectangular aperture waveguide horn is
used.

4. Pri=a. Feed Pattern Measurements
Primary pattern measurements were obtained from a feed l'orn scaled down for the scale model ::

Radvflector. Figure 2 sows the scale model feed horn. T?.e aperture dimensions for the scale
model born are A s- 2.12 inches and B - 1.51 inches.

Radiation patterns were taken in an anechoic chamber at frequencies of 8.67, 9.08, and 9.45
gc. H-plane (0-degree) and E-plane (90-degree) patterns were obtained as well as a 45-degree
polarization pattern. The resultant symmetry of illumination was adequate for the requirements of
the proposed antenna system. Figures 3, 4. and 5 show the respective radiation patterns.

B= 1.51"

lA

Filgur 2. Primory Feed Horn for Scale Maol Roanlactor - F
: ":":: i.:nn
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Since the horn will be used in a 45-degree polarization orientation, the azimuth side lobe leve!
for this condition must be kept at a minimum. Figure 5 shows the side lobe level to be less than
-23 db. The 10 db beamwidths for all cases were 85 degrees or less throughout the effective fre-
quency range (refer to Table 2).

TABLE 2.
Feed Horn Characteristics

10-DB TAPER 10-DB

FREQUENCY POLARIZATION AZIMUTH ANGLES BEAMWIDTH
(GC) (Degrees) (Degrees)

9.08 Horizontal +41.0, -39.0 80
9.08 Vertical +38.2, -37.0 75.2

9.08 45 degrees +41.0, -41.0 82.C

8.72 lJorizontal ±42.0, -43.0 85

8.72 Vertical +40.8, -40.0 80.8

8.72 45 degrees +42.8, -42.0 84.8

9.44 Horizontal +37.0, -37.0 74.0

9.44 Vertical +36.8, -36.8 73.6

9.44 45 degrees +38.0, -38.0 76.0

VSWR < 1.3 at f1. 9.08, 8.72, and 9.44 gc.

5. Reflector
a. Contour Design. Considering an antenna system that consists of a singly curved fled-

reflector combination, the primary radiation pattern and re" c.or surface contour are related by the
following equatic- (see Figure 6):

P(6) dO 1(0) do

B1

.e2 (5)

In p/pi -' aen- (. ) do (6)

where

I(0) - primary radiuation pattern
P(9) - secondary radiation pattern

- reflector surface contour

- primary pattern angle
1!- secondary pattern angle

#1 and 02 - reflector limits
el and 2 - secondary pattern limits and

PI - contour point at 1

10
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00t

REFLECTOR SURFACE / -

LOWER LIMIT OF SECON-,ARY
RADIATION

02- UPPER LIMIT OF SECONDARY
RADIATION

FOCAL POINT (SOURCE OF
PRIMARi' ILLUMINATION)

rilgu. 6. G etric Optics Relationships of Fsed-RaActor Combination,

The Above relations are derived from geometric optic theory and conservation of energy prin-
ciples.

For the specific case of the proposed antenna,

P(a) - K csc 2 
(0 +0)

61 - 0 degrees
62 - 21 degrees

where

K = 1/csc 2 (9).

It should be noted that wben the vertical contour is positioned -n the radome structure at a
depression angle of 9 degrees, the effective secondary pattern will be P '(0) - K csc

2 
0 from 9 to

30 degrees.
I(q5) is dependent upon the gain, side lobe level, and azimuth beamw-lith requirements of the

proposed antenna. For the shaped reflector concept the pattern would normally be a simple cosine
function beteen limits q5I and 02 .

Once the primar, and secondary patterns have been established, Eqtations 5 sad 6 can be
evaluated either by mathematical or graphical Lntegration techniques. The values of 0 correspond-
ing to the variable parameter (k) can be determined as a f-nction of 0, and the function an

[0- 0((6)1/2 versus 0can be plotted. By using a graphical integration technique, Eq~uation 6 can
be evaluated, and In p[pI as a function of 9 can be dete-oied. Using antilog conversion methods,
the required contour p/pl(o) can be determined. The center of the coordinate system corresponds j

to the focal point of the antenna.

:'i : ...'\ '



It should be noted that the above analysis considers singly curved reflectors only. Htwever,
past experience has indicated that this method produces results which closely approximate the
results obtained with the more complex analysis of doubly cur7ed surfaces.

The reflector contour is in terms of plpi; the scale fnctor (magnitude of pi) is dependent on
the aperture and focal distance dimensions w'ixh are in turn dependent upon gain, side lobe, and
azimuth besamwidth requirements. Table 3 is a tabulation of the X and Y coordinates which de-
icribe the vertical reflector contour for the proposed antenna systen. The point (x - 0, y - 0) Q
corresponds to p/pl at 5 - 0 degrees.

In order to achieve the desired csc
2 

pattern from 9 to 30 degrees, the contour must be properly

posi.iooed on the radome structure. The desired pattern should be achieved when the horizontal
axis o'f the contour is rotated downward 9 degrees at a pivot point corresponding to the center of
die ori'inal 69-foot diameter sphere. The center of the feed horn will be 20 feet sbove ground
level.

The horizontal reflector contour is obtained by rotating the properly positioned levation con-
tour 360 degrees about a vertical axis through the center of the spheroid.

b. Vertical Contour Evaluation. A scaled down (0.1377 scale, iFme as the scale model)
vertical contour, defined by Table 4 coordinates, was simulated oa a universal dish (Figure 7).
The universal dish c.nasists of a support base containing parallel blades which are adjustable in
a direction normal to the plane of the blades. Using a micrometer, the blades were adjusted to he

respective coordinant points. The spa:ing used between blade edges was 0.385 inch.
The space between the blades was filled in with modeling clay. An aluminum foil covering

was used as the reflecting surface. The top and bottom edges of the dish were extended using

aluminum sheeting formed to the desired contours. The vertical height of the dish was 40.25
inches; :he width was 18 inches.

The pattern measurements of the uni-ersal dish were obtained using a 400-foot antenna test
range with the dish mounted on a 'st" support tower (See Figur 8).

The secondary antenna patterns were obtained using te scale model primary feed previously
described. Initially, the feed was placed at the theoretical local point (f - 27.60 inches). The
feed position was adjusted iteratively tc obtain the bear approximation to the desircd secondary

pattern. Figures 9, 10, and 11 show the final pateci at the center frequcacy, upper frequency
limit, and lower freauency limit respectively. The patterns deviate less than ±1.5 db from the A

theoretical curve. The finalized feed position paraneters are as follows (see Figure 12):

X - 28.0 inches (focal distance)
Y - 1.8 inches
- 0 degrees.

It should be noted that the above tests were performed on a singly curved reflector surtf.,c;
however, the results should be valid foe a doubly curved contour where the azimuth curve is pans-
bolic. For the case of the Radoflector that portion of the spheroid that is within A/16 of a p -s-
bola is used in azimuth.

Table 5 shows the scale model contour coordinanrs, renormalized with respect to the new
focal point. In this coordinant system the coordinants of the focal point are

X - 28.0 inch
Y - 0 inch. 

l r

The antenna patterus obtainaed from the universal dish teats showed the peak of the curve to
occur aL9 . +2 degrves with respect to an optically boresighted reference. For this MNvan the
X axis of the coru.cor must be rotated dowuwird amn additional 2 degrees from the 9 degree refer-
ence that was previously determined With this configuration (as shown in Figure 13) the peak of

the csc7 0 pattern should occur at 8 - 9 degrees w,th respect to the horizontal.
6, Theory of Parallel Conductors

a. G(Weral. A surface that consists of parallel conductoC exhibits a reflection coef-
ficient (r') which is a function of the angle of the conductor axis with respect to polarization
angle of the incident electromagnetic wae whic', is normal to the sqrface.

12
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TABLE 3.

Full-Scale Vertical Reflector Contour Coordinants

Y COORDINANT X COORDINANT Y COORDINANT X COORDINANT
(Inches) (Inches) Inches) (Inches)

0 +0.400 +154.38 +31.045
+2.20 I +0.348 +158.00 +32.625
+5.75 40. 218 +161.63 +34.215
+9.37 +0.145 +165.00 +35.815

+13.00 0 0 +0.400
+16.63 +0.109 -1.50 +0.471
+20.25 +0.181 -5.13 +0.689
+23.88 +0.304 -7.75 +1.015
+27.50 +0.450 -12.38 +1.341
+31.13 +0.638 -16.00 +1.668
+34.75 +0.830 -19.63 +2.066
+38.38 +1.050 -23.25 +2.465
+42.00 +1.340 -26.88 +2.987
+45.63 +1.691 -30.50 +3.553
+49.25 +2.062 -34.13 +4.169
+52.88 +2.429 -37.75 +4.872
+56.50 +2.922 -41.38 +5.604
+60.13 +3.368 -45.00 +6.395
+63.75 +3.980 -48.25 +7.337

+67.38 +4.600 -52.25 +8.120
+71.00 +5.203 -55.88 +9.034
+74.25 +5.960 -57.25 +9.947
+78.25 +6.740 -63.13 +11.035
+81.88 +7.576 -66.75 +12.216
+83.25 +8.483 -70.38 +13.340
+89.13 +9.461 -24.00 +14.631
+92.75 +10.440 -77.63 +15.950
+96.38 +11.419 -81.25 +17.306

+100.00 +12.398 -8488 +18.814
+103.63 +13.340 -88.50 +20. 336
+107.25 +14.319 -92.13 +21.917
+110.88 +15.312 -95.75 +23.526
+114.50 +16.276 -99.38 +25.172
+118.13 +17.364 -)03.00 +26.825
+121.75 +18.415 -106.63 +28.580
+125.38 +19.611 -110.25 +30.559
+129.00 +20.808 -113.88 +32.444
+132.63 +22.076 -117.50 +34.401
+136.25 +23.454 -121. 13 +36.518
+139.88 +24.853 -124.75 +38.498
+143.50 +26.318 -128.38 +40.709
+147.13 +27.876 -132.00 +43.210
+150.75 +29.471 -135.63 +45.748

-139.00 + . 908

13



7,:7, 7

TABLE 4.

Scale Model Vertical Reflector Conanzuz Coordinants

Y COORDINANT X COORDINANT Y COORDINANT X COORDINANT
(Inches) (inches) (inches) (Inches)t

0 +0.055 +20.3 +4.282
+0.3 +0.048 +21.8 +4.480
+0.8 +0.030 +21.3 +4.720j
+1.3 +0.020 +22.8 +4.940
4+1.8 0 0 +0.055
+2.3 +0.015 -0.2 +0.065
+2.8 +0. 025 -0 7 +0.095 a
+3.3 +0.042 -1.2 +0. 140
+3.8 +0.062 - 1.7' +0.135
+4.3 +0.088 -2.2 +0.230
+4.8 +0.115 -2.7 +0.285
+5. 3 +0. 145 -3. 2 +0.340
+5.8 +0. 185 -3.7 +0.417

f.3+0.233 -4.2 +0.4',0
468+0. 285 -4.7 +0 675
4.3+0.335 -5.267

+7.8 +0.390 -5.7 .0. 773
+8.3 +0.465 -6.2 &0- 882
+8.8 +0.550 -6.7 +1.012
+9.3 +0. 635 -7.2 +1. 120
+9.8 +0.725 -7.7 +1.246

+10.3 +0.823 -8.2 +1.372
+10.8 +0.930 -8.7 +1.522
+11.3 +1.045 -9.2 +1.685
+11.8 +1. 170 -9.7 +!. 840
+12.3 +1.305 -10.2 +2.018
+12.8 +1.440 -10.7 +2.200
+13.3 +1.575 -11.2 +2.2387b
+13.8 +1.710 -11.7 +2.595
+14.3 +1.840 -12.2 +2.805
+14.8 +1.975 -12.7 +3. 023
+15. 3 +2.112 -13.2 +3.245
+15.8 +2.245 -13.7 +3.472
+16.3 +2. 395 -14.2 +3.700 1f!
+16.8 +2. 540 -14.7 +3. 942
+17.3 +2.705 -15.2 +4.215
+17.8 +2.870 -15.7 +4.475
+18.3 +3.045 -16.2 A4.745
+18.8 +3. 235 -16.7 5. 037
+19. 3 +3.428 -17.2 +5. 310
+19.8 +3. 630 -17.7 +5. 615
+20. 3 +3. 845 -18. 2 +5. 960
+20.8 +4.065 -18.89 +6.342
+21.36 +4.2831
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+ Y VERTICAL REFLECTOR
CONTOUR (TABLE 4)

PRIMAPy HORN AXIS
FEED ANGLE= C)

19. 56"i FOCAl. POINT

X- 28.0",Y- 1.8)

Sxo,Y O

28.0'- -

20.69"

-Y

Figure 12. Food Position Parameteus DtO.rmi.e. Lm Unl.wsal Dish Tetu

When the conductors are parallel to the E field, the reflectin coefficient of the array will be
mazimum (r&,). Then the conductors are perpendicula: to the E field, the resultant reflection
coefficient will be minimum (lMi). The magnitudes of raa and ri. are dependent upon the con-
ductor configuration, spacing, and waveiength.

The following conductor configursiks were considered as possible reflective surfaces and
can be utilized in achieving a surface that exhibits suitable rsa. and r1 i- chbracteriatics:

(1) Parallel wixe3 of finite diameter
(2) Parallel, flat, metallic conductors of negligib.e depth and finite width
(3) ParalLel metallic conductors of negligible width and finite depth.
A final decision as to the exact configuration of the parallel conductors for .he full-scale

design will require further study and material adherenct tests. At the present time the iarallel,
flat, metallic conductore of negligible depth and finite width seem the most praetical. The par- I
allel wires at lower frequencies can becocue large in diameter, difficult to fabricate and attach to

the inflatable structure, and difficult to fold. The same basic reasoning is alio true for the case
of the parallel metallic conductors of negligible wldth and finite depth.

b. Paallel Wires of Finite Diameter. A single perfectly conducting wire of d-ameter (d)
has a finite value of normalized susceptance jB/Y0 (where Yo - admittance of free sp-e-). The
value is dependent upon the wavelength of the incident signal (X) and the o.ientation of wire ais
with respect to polarization angle (E vector). When two cc more patliel wires are ccn..;d.ud, the
center-to-center spacing (a) becomes a critical parameter in determining a resultant suscepmace
value. Investigations have furnished ausceptace characreristica of parallel wire grids as a funo-
tion of diameter, spacing, and wavelength. From these mou.ces, st.sceptance characteristics of

FII



TABLE 5.

Renormalized Scale Model Vertical Reflector Contour Coordinents
(Feed Horn Axis Corresponds to X Axis)

Y COORDINANT X COORDINANT Y COORDINANT X COORDINANT
(Inches) (Inches) (Inches) (Inches)

0 0 0 0
+0.5 +0.015 -0.5 +0.020
+1.0 +0.025 -1.0 +0.030
+1.5 +0.042 -1.5 +0.048
+2.0 +0.062 -2.0 +0.065
+2.5 +0.088 -2.5 +0.095
+3.0 +0.115 -3.0 ,0. 140
+3.5 +0.145 -3.5 +0.185
+4.0 +0.185 -4.0 +0. 230
+4.5 +0.233 -4.5 +0.285
+5.0 +0.285 -5.0 +0.340
+5.5 +0.335 -5.5 +0.412
+6.0 +0. 390 -6.0 +0.490
+6.5 +0.465 -6.5 +0.575+7.0 +0.550 -7.0 +0. 672

+7.5 +0.635 -7.5 +0.773+8.0 +0.725 -8.0 +0.882

+8.5 +0.823 -8.5 +1.012
+9.0 +0.930 -9.0 +1.120
+9.5 +1.045 -9.5 +1.246

+10.0 +1.170 -10.0 +1.372
+10.5 +1.305 -10.5 +1.522
+11.0 +1.440 -11.0 +1. 685
+11.5 +1.575 -11.5 +1.840
+12.0 +1.710 -12.0 +2.018
+12.5 +1.840 -12.5 +2.200
+13.0 +1.975 -13.0 +2.387
+13.5 +2.112 -13.5 +2. 595
+14.0 +2.245 -14.0 +2. 805
+14.5 +2.395 -14.5 +3.023
+15.0 +2.540 -15.0 +3.245
+15.5 +2.705 -15.5 +3.472
+16.0 +2.870 -16.0 +3.700
+16.5 +3.045 -16.5 +3.942
+17.0 +3.235 -17.0 +4.215
+17.5 +3.428 -17.5 +4.475
+18.0 +3.630 -18.0 +4.745
+18.5 +3.845 -18.5 +5.037
+19.0 +4.065 -19.0 +5.310
+19.56 +4.283 -'19.5 +5.615

-20.0 +5. 960
-20.69 +6.342
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parallel wires were determined for both perallel E field and Perpendicular E field conditions, as 
the diameter and spacing parameters were varied.

The susceptance values were transformed into corresponding reflection coefficients (r),

using the following relations:

1 - Y/Y7)1r +. TTR/Yo 7%: 1

where YR/Y0 is the normalized input adjuiLtance of the grid in free space. From an equivalent

circuit analogy. YR/YO - 1 + IB/YO.
By substitution, Equation 7 reduces to

r- B/ . (8)
<2 + B/YOL

The characteristics of r as a function of d/ and s/A can be determined by solving Equation
8 using the corresponding value of jB/YO (obtained from Reference 4). The optimum parameters
were determined by first v.rbitrarily choosing a value for wire diameter (d). The spacing parameter
(r/A) was then determined as that value which would produce a susceptance value (jB/Y0) in the

order of 5.0 when tie wires are parallel to the E field. This value was determined from iterative

Smith Chart techniq e which determined the rmax and Fain characterstics as a function of wire
size and spacing. When this value of susceptance is achieved, the total loss can be maintained
below I db. If the initial choice of d cannot produce the required susceptance value, a new wire
diameter is chosen, and the required spacing is determined.

The major factors which contribut- to :he total loss are: q
(1) A reflection of the incident signal at the non-perfect transparent surface (aR).
(2) Transmission loss at the non-perfect reflecting surface (aT).
The total loss can be expressed as

a(db) - aR + OT
a db)- 10 log (T2,i) + 10 log (I -I,.) (1 r

10 og[CZ. (1 -F2 r ) (i- r ]. (9)

An approximate solution can be expressed as

db) - 10 log [, (10)

where Usa , reflectiou coefficient when wires are parallel to E field and

ri a - reflection coefficient when wires are perpendicular to E field.

It should be noted that the above relations are valid when the nonpetfect transparent surface

shadows the entire reflector aperture. If the percentage shadowed apert,.e is reduced, a slight
reduction in reflection loss (aR) will be realized. In the same manner, if a portion of the reflec-
tion aperture is made to be a perfect reflector, the transmission losa (aT) will decrease propor-
tionally.

The parallel wires of finite diameter were selected for the design of the scale model grid
since they are essentially equivalent to scaled down parallel flat strips.

c. Parallel Flat Metallic Conductors
(1) Negligible Depth and Finite Width. The procedure for determining optimum width

(w) and spacing (a) parameters of parallel flat strip grids differs from that of the wire grid case

in that an initial dimensional value is am chosen. f'he parameters w and s ae expressed in terms
of wavelengths.

Using the informatio, of Refertnce 4, which relates jB/Y0 to the parameters w/A and s/A, and
Equation 8, the correspnding reflection coefficient characteristics can be determied.
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The optimum combination of w and a was determined as the minimum w/s ratio that proiuces

a parallel E field ausceptance value (jB/Yo) ini the order of 5.0.
The corresponding values of r.. and l.j., were detemined and the total loss calculated. If

the total loss exceeded I db, variations of the w/s ratio were taken until the loss requirements
were satisfied.

Using thc above criteria, the following optimum grid parameters were determined for an array
of parallel flat strips:

Strip width (w) - 0.05 X
Center-to-center sr,,ac;-.- (a) - 0.15A .
At the design frequency of the full-scale Radoflector (fE - 1.25 gc), the corresponding wave-

length (A) is 9.45 inches and the dimensional parameters are
Strip width (w) - 0.47 in:h
Center-to-center spacing (s) - 1.42 inches.

The corresponding loases ate
Transmission loss at reflecting surface (aT) - O7 db
Reflection loss at transparent surfice (OR) - 0.15 db
Total loss (a) - 0.85 db.

(2) Negligible Width and Finite Depth. Using the technique outlined in the prior dis-
cussion the following grid parameters were determined for a normal array of parallel fins of negli-
gible width and finite depth:

Depth of conductor (d) - 0.25A

Center-to-center spacing (s) - 0.38 X
Thickness of conductor (t) < 0.01A.
At the design frequency of the full-scale Radoflector (fE " 1.25 gc), the dimensional param-

eters are
Depth of conductor (d) - 2.36 inches
Center-to-center spacing (a) - 3.6 inches
Vidth of conductor (w) < 0.10 inch.

The correspondiag losses are
Transmisson loss at reflecting surface (aT) 0.6 db
Reflection lots at transparent surface (OR) < 0.1 db
Total loss (a) < 0.7 db.

d. Toleramce Considerations. The results of scale-model Radoflector tests have shown
that'the reflector surface tolerance is the most critical factor that affects side lobe levels. The
following tolerance limits have been established:

(1) Reflector Surface Cwtour Accuracy

Ap- t A/16
Ap - 0.60 inch at f0 - 1.25 gc.

NOTE: References S and 6 indicated that the surfac- contour ac, uracy
should be A/32 or ±0.30 inch at 1.25 gc. After further consideration and

analysis it is now believed that the specified radiation requirements can
be achieved with this lower tolerance limit of A/16.

(2) Feed Positioning Tolerance

AF - tA/16

AF - t0.60 inch at f0 - 1.25 gc.

A theoretical analysis was perfotmed considering the tolerance effects of a parallel fit strip
configuration. The analysis hAs shown that variations of satrip width (w) and spacing (a) are more
critical under parallel E field conditions (reflecting grid) than vnder perpendicular E field codi-

tions (non-reflecting grid). Then optimum w and a parameters ate chosen, positive width tolerances
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(+Aw) and negative spacing tolerances (-As) are not critical. Conversely, the negative width
tolerance (-Aw) and positive spacing tolerance (+A.q) are critical.

When -Aw - -0.005 A, the transmission loss (aT) will be increased by 0.25 db. When +As -

0.01A, the transmission loss (aT) will increase by 0.15 db.
The following tolerances on flat strip width and spacing parametets were determined as

adequate:

Aw . +0.01 X
-0.005 A

As - +0.01 X
-0.02A

A theoretical tolerance analysis for the parallel wire grid case determined the IAlowinS

tolerance limitations:

Ad - ±0.01 A

As - +0.02 A
-0.04 A

e. Wave Guide Tests (Paial!el Wires). The reflectivity and tiansmissivity character-

istics of parallel wire grids were experimentally determined for conditions of parallel E field and
perpendicular E field orientations. Two X band waveguide test pieces were fabricated to verify

the theoretically determined reflectioa characteristics of parallel wire grids. Using wire grid
parameters (d - 0.01 inch, a - 0.13 inch) determined for the scale model Radoflector surface

(refer to Section 4, paragraph B), parallel E field and perpendicular E field test samples were
fabricated (see Figure 14). Using a slotted line VSWR measurement technique, the sample was
inserted between the slotted line and a matched load. At the design frequency (f 0 = 9.08 gc), cor-
responding VSWR measurements were taken and transformed into eqv ivalent reflection coefficients:

17 =(VSWR - 1)/(VSVR + 1). (11)

The following test results were obtained:
Case 1. Wires Parallel to E Field

VSWR - 35

I - 0.944

Power reflected - r
2 (100) - 89 percent (12)

Power transmitted - (I - r
2

) (100) = 11 percent (13)

Transmission loss at reflecting suvfce (aT) - 10 log (1 -. r
2 ) (14)

- 0.5 db

Case 2. Wires Perpendicular to E Field

VSWR - 1.85

' - 0.298

Power reflected - r,2 (100) - 8.9 percent

Power transmitted - (1 - r2) (100) - 91.1 percent

Reflection loss at transparent surface (aR) - 10 log 1 2 0.4 db (15)

The experimentally determined reflection loss value (aR) was found to be slightly greater than
the theoretical value. The discrepancy can be attributed to the fact that the guide wavelength
(A ) at the design frequency is greater than the corresponding hree space wavelength (A). The

ratio A /A - 1.4 at f0 - 9.08 gc. The effective wire spacing in wavelength in the waveiuide is
less than the corresponding value (s/A) in free space, resulting in a greater reflectio coeffic;ent
in the former case. The result is an increased value of aR .
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11 Free Space Transmissivity Test (Parallel Wires). To determine the effect of the grid
support material efficiency and to further investigate the reflectivity characteristics of a parallel
wire grid it free space, a transmissivity test was performed.

The par i.el wire grid parameters for the scale model (Refer to Section 4, paragraph B) were

used in fabricating a test panel of the following description:
(1) Si .e - 31 x 38 inches.
(2) Material - Dacron-Mylar laminate, the same material that was csed on the scale model

fldoflcctor structure (refer to Section 4, paragraph C-2).

(3) Wire Size - 0.010 (0.002) inch.
(4) ire Spacing (center-to-center) - 0.13 k+0.025, -0.050) inch.
The gtid was mounted on a turntable, 18 inches in front of an X band horn. A similar test

setup with a smaller panel is shown in Figure 15. A stationary pickup horn, placed approximately
8 feet away in the anechoic chamber, was used to measure the uorizontal radiation pattern under

the folowing conditions:
(1) Grid wire parallel to E field.
(2) Grid wire perpendicular to E field.
The grid panel was removed, and the radiation pattern of the horn alone was determined (see

Figures 161 and 17).
The average power level between the limitj 051 and 02 can be determined for each case by

graphltally integrating the corresponding power pattern between the respective limits. Since the
power lerel of the transmitter was equal for each power pattern, the following relation determines

the amount of power transmitted through the parallel wire grid test panel:

fT PH (db)do PG P(db)q4PT 41 .45
aTG -10 log (16)

where

aTG - transmission loss of gtid

P0 (100) - percentage of tranmitted power

.PO
PH(db) - radiation pattern of transmitting horn as a function of (azimuth angle deter-

mined by transmitter horn axis and receiver horn axis)
PG(db) = radiation pattern of horn transmitting through the wire grid in proper orientation

and

01 and 952 limits of integration.1
The percentage of reflection power can be exprw*ssed as

T /_ ~1  (100). ( 7

The corresponding reflection loss of the grid can be expressed as

aRG -10 log -(18

This method of determining grid transmiss'ivity was necessary since the defraction effect of
the test panel could have been significant when the wires were parallel to the E field.

The fhee space tests showed the parallel wire grid to exhibit the following characteristics:
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Case I. Grid Wires Parallel to E Field

leflected power - 90.0 percent

1 ransmitted power - 1f0.0 percent

Transmission loss at reflecting surface (aT) - 0.45 db

Case 2. Grid Wires Perpendicular to E Field

Transmitted power - 96 percent

Reflected power - 4 percent

Reflectio' loss at transparent surface (aR) 0.2 db

The experimental results are in good agreement with the corresponding theoretically deter-

mined values for the scale model (refer to Section 4, paragraph B). The results showed that the

effect of the Dacton-Mylar support material was negligible.
g. Finalized(Full-Scale) Parameters. The finalized parameters and tolerances for the

full-scale Radoflector are as follows.
(1) Center frequency - 1.25 gc
(2) Frequency bwnd - 1.20 to 1.30 gc
(3) Horizontal radius of revolution - 34.35 feet (diameter - 68.70 feet)
(4) Focal distance - 16.65 feet
(5) Focal radius - 17.52 feet

(6) Equivalent parabolic reflector dipmeter - 25.4 feet
(7) F/D of '.nhbolic Teflector - 0.656
(8) Bottom edge of parabola from ground level (min) - 5.0 feet
(9) Center of feed from ground (min) - 20.0 feet

(10) Tolerance control o; surface accuracy - ±0.60 inch

(11) Feed positioning tolerances - ±0.60 inch
(12) Parallel flat strip grid center-to-center spacing . 1.42 (+0.10, -0.20) inches
(13) Parallel flat conducting strip'wid:h - 0.47 (+0.10, -0.05) inch
(14) Horn aperture (A) - 16.80 inches

Horn aperture (B) - 12.75 inches
(15) Illuminated reflector aperture (horizontal) - 25.4 inches

Illuminated reflector aperture (vertical) - 25.4 inches

C. Inflatable Structure Design
1. General
The principle of the post-attack antenna system is based on using the surface of a radome as

an antenna reflector that can be packaged and stowed in a hardened installation. Therefore, to
meet these requirements the Radoflector utilizes an inflatable structure as the radome-reflector.
When inflated, the structure must expand to a shape which contains both the azimuth and elevation
,L1-.CU. ccntour over part of its surface. Figure 18 is an engineering drawing that shows in de-

tail the inflatable structure design. Figura 19 shows the inflatable structure geowetry and contour.

2. Inflatable Structure Configuration
The antenna reflector is formed by the walls of the inflatable structure which in turn are made

up of two functions generated about the vertical centerline. The upper part of the reflector is a
parabola, and the lower part is a fourth degree equation that is a tangent to tLe parabola.

The material used for t~e inflatable structure must finally be selected a.j a result of a mate-
rials test program and a detailed stress analysis, taking into account extreme operating and en-
vironmental conditions. The design shown in Figure 18 utilizes a Dacron-Mylac laminate selected
on the basis of a preliminary material investigation.

A Dacron-Mylar laminate has the advantage of providing sheau resistance in the plane of the
fabcic with a single ply cf faoric. If a Dacron cloth with a neoprene or other elaitomer were to be
used, two plies of fabric wo-!1d be needed to provide shear resistance. The Dacron-Neoprene
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fabric is easier to seam; however, it presently appears that recent improvements in Dacron-Mylar
laminate seaming techniques offer this material as a good potential candidate which may show
betrer dimensional stability characteristics.

A material that looks very promising for use as the antenna r.flector is an rf reflective paint
.bat reflects better than 95 percent of the incident rf energy while still maintaining very good
flexibility and folding characteristics. The reflective paint would be put eithei on the infitable
surface directly or onto a separate entity. Aluminum foil-MyLar laminate as well as braided wire
metal impregnated cloth and metalized film-cloths will also be investigated further as candidate
materials for the optimum reflective surface.

Since the ref.ected beam of rf energy only passes through the upper portion rf the opposite
side of the' antenna and since a solid reflector is more easily fabricated than the strip reflector,
the lower part of the reflector is designed to utilize solid reflective material.

The inflatable structure is supported at the base by a catenary curtain that is attached to the
open doors of the hardened site concrete enclosure. The diameter of the base support catenary
system has been determined by the rf requirement of maintaining the antetui reflector at least
five feet above the support base. This support catenary must hold the inflatable structure accu-
rately; for this reason some adjustment of the support catenary will be provided. The catenary
adjustment will be made only during the initial installarico of the antenna n site and will not
require adjustment as part of the erection operation.

A system of guy wires attached to the upper portion of the inflatable structure and extending
downward at a 45-degree angle to the ground is utilized for support. This guy system is utilized
to maintain dimensional tolerance of the inflatable structure during nor"a4 operating conditions
and to provide additional support under die maximum survival environmintal condition of a 125-mph
wind loading or a combination condition of 75-mph plus two inches of ice. A catenary curtain is
utilized to distribute the guy cable loads ,!,veniy into the inflatable structure.

In the stowed position, the guy cables are located in trenches that are lined with ablative
material and sealed against water accumulation. The guy cables are deployed automatically by
the inflatable structure, which pulls the cables into position as it is inflated. The guy cables and
their protection during the stowed condition are discussed in paragraph D-2 of this section.

The inflatable structure pressurization system consists of a high capacity blower system used
to initially fill the antenna to a pressure of about four inches of water and a high-pressure bottle
system for rapidly "topping off' to a pressure of approximately 12 inches of water. This pressure
system will also be discussed in paragraph D-2 of this section.

3. Inflatable Structure Fabrication
The inflatable structure is formed by a number of preformed gores that are seamed together to

fabricate the oblate spheroid. In the design shown in Figure 18, 48 gorer make up the structure.
In order to simplify the tooling that is used for preforming the gores, each gore will be pre-

formed in two segments. One segment will cover the antenna reflecror area, and :he second will
be the upper one closing off the top of the inflatable s=ucture. This selection of gore segments
will allow the circumferential seam to be in the area above the antenna reflector and -ill therefore
preclude any rf pattern degradations that could occur due to the seam.

To pceform the Dacron-Mylar laminate, the fabric will be placed on and clamped to a preform-
ing tool Then by evacuating the air pressure between the tool and the fabric, the fabric is formed
to the contour of t6e tool. The tool and the fabric are then heated in an oven and cured. During
this heat cycle, the Mylar and Dacron laminate is permanently formed to the contour of the mold.

The gores are seamed together with a heat sealing tape. The two adjacent edges ot the gores
are pretensioned on the mold prior to heat sealing. The fabric is held in this position, and with
the use of preformed butt splice tapes the seam is tack-welded to help hold its position, bonded
tigiitly with a warm iron, and finally bonded with a hot iren. This procedure has been utilized to
develop a good seato without wrinkling or local defcrmation.

4. Structural Cofisideraitions
a. Radofleckr Stnacttal Analysis. For the purpose of a preliminary analysis, the in-

flstable structure it considered to bea truncated sphericil shell as shown in Figure 20.
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(1) Loading. The loadings that the Radoflector will be subjected to are 4
1. Survival

(a) Maximum wind velocity of 125 mph

(b) Wind velocity of 75 mph plus 2 inches of ice
2. Operating

(a) Wind velocity of 50 mph, full performance

(b) Wind velocity of 75 mph, reduced performance
The RAdoflector structural geometry is shown in Figure 20. The lift, drag, and overturning

moment may be written in the following form:

L cLnqR 2

D cDrrq R

M -
2cMpq R

3

where
CL, cDI and c A are lift, drag, and moment coefficients

q - stagnation pressure

and

R - radius of the sphere.

Foe the given geometry of the Radoflecto and at supercritical Reynold's numbers, the coef-
ficients are approximately

CL - 0,53"

CD 0.48 (Reference 7)

CM -0.18J

The impact pressures for velocities to be considered are as follows at sea level and standard
atmosphe.e conditions:

at 50mph, q- 6.4psf

at 75 mph, q - 14.4 psf
at 125 mph, q - 40.0 psf

(2) Wind Load Distribution. The pressure distribution over the Radoflector surface
usually can be approximated with sufficient accuracy by the following function of the 'longitude*

6 and the complementary angle Vi of the latitude (see Figure 20).

P/q - A + B aia V, cos 0 - C(1-2 sin 2 0 cos' 0). (19)

Integration of the ressure in X and Z direction yields the pressure drag and the lift in the
form of

L - -Awq R 2 
sin

2 
OB + "rCq R2 

pin
2 
1B(1_

0.5 
sin

2 
?'t8) (20)

D - B I qR
2 [coo IAB (Co 2 

'S -3) + 2]. (21

A third equation for determination of the inlmona coefficients A, B, and C is

A+ B+C-1.0. (22)

Equation 22 follows hoa the fact that p - q at the stagnation point (0- 0, - T/2). Solving
Equations simultaneously for a u=cation angle 0 B . 125 degrees yields

A - -0.222

B - 0.367

C -O.85.
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(3) Stress Distribution due to Wind Loads. The membrane stresses Np (in meridional
direction), N, (in direction of the horizontal parallel circles), and N,9 , (associated shet stresses)
are determined by solving the three differential equations that express equilibrium of ray shell
element in the radial, meridional, and circumferential direction for each of the three components of
the wind load function, Equation 19 (References 8 and 9). However, the comparatively rigid re-
straint of the shell at the lower edge produces additional redundant reactions whose effect upon
the stress distribution also is taken into account.

Table 6 giaes a rsumi of the stresses at any point of the Radoflector in general form. Table
6 also includes the stress relations for inflation pressure, weight proper, and ice load.

The princip-al stresses at any point of the shell now can be determined for any combination of
wind load, weight proper, and ice load, using Iohr's equations. The inflation pressure is selected
so that the inflation stresses PA(R/2) are greater than the absolute value of the minimum principal
str.Iss (compression stress) at any point of the shril to prevent wrinkling.

There are three areas in which maxima and minima of the mer'brane stresses may occur: (I) at
and near the apex, (2) at and below forward and rear stagnation point, and (3) along the base ring.
These reas are investigated to obtain maximum and minimum membrane stresses. r

(4) Effect of Gty Wires. In Reference 8, a deflection analysis is presented which
yields three components of the deflection at any point of the free Radoflector for all pertinent load
conditions (wind load, weight proper, ice load, and inflation pressure) to be analyzed. The effect
of the redundant reactions of the guy wires is taken into account by utilizing this theory. The
cables are attached :Angentially to the RadQflector by means of catenay curtains in order that
concentrated loads on the fabric are avoided. For determining the redundant cable loads due to
wind loading, it is convenient to treat the three wind components A, B, and C separately.

The A component poses no problem since n cables take equal loads. Thus, in effect, only
one redundant magnitude is involved. The B component, integrated over the entire Radoflector
surface, gives the pressure drag Dp (see Equation 21). Assuming the cables take a portion, Dc, of
the total drag out c. the Radoflector, while the balance still must be transmitted through the Rado-
flector itself to the base support, it can be shown that the toad in the cable facing the wind direc-
tion due to drag De alone is

To - (2Dc)/(n cos a) (see Figure 21) (40)

and the load in any of the other cables is

T9 - To cos 0 (41)

provided that all cables are sufficiently pretznnioced and none slackens. The function of the

catenary curtain is to transform the concentrated cable loads into a continuous loading that actsj
tangentially to the Radoflector around the parallel circle of radius r R cos a and very closely
follows the law

N -O R sin (2) (cos ) (42)

where Nk - the loading in the fabric due to cable tension.

The stresses at any point (0, 9) of the Radoflector due to the loading N , are in the merid-

ion! direction

N De LCosco a s (cos )(43)

In the direction of the prallel circle - constant

No - 0-. (44)
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TABLE 6.
Membrane Stesses

LOADING STRESSES (lb/t) EQUATION

(1) Wind Load

A Component N4 - N9 = -0.5 AMR (23)

N 94' .0 (24)

BqR Cos 0 Cos 0 o 3  
(5

B Componer' Np = B stn , -3 cos '+ c 4s'P) (25)

BqR cos a00 C8
No B- - (2 cos - 3sin2 4 -2cos 44 ,) (26)

3 in3

BqR sin e 3
N 3sn3(2 3cosip +Cos 4) (27)

Component No '  C- 12 - (coa2 0 )(2 sin2 ') (28)

N9 =C- (3 cos2  -1 os 2 6 (29)
2

N04  -C (cos ' sin 2 ) (30)

Reacion at+ Cos 2'
From Redundant No = a cos 20(1 0 / 2(31)

BW'se
No = -N 1P (32)

/1, Co COB B
Nop =- a sin 2O /. . (33)

(I + col o

where a = 3CqR (34)8 -(1+ cos k&B)3

(2) Inflation No = No = 0. 5 PgR (35)
Pressure(Pg) N 09 • 0 (36)

R(w + wt)
(3) Weight Proper N10 I .+C (37)

(w, Ib/ft 2 ) and
Uniform Ice ( cosr4' -Load (wi) Nt = k(w + wi)( COS) (38) ;

I+ Cos ,•

Nep =0 (39)

NOTE: Effect of guy wires not included.
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Considering D,: the statically redundant magnitude, its actual value will be determined by N

establishing compatibility b-tween the Radoflector deflecion-, in X and Z direction at point (0i -
a, 0 - 0), with the strrn of &I'e cable rt'ar faces the wind direction. The reduction of the n-fold
redundancy (from a cables) to but one redunidant magnitude (D ) in muxde possible by Equations 40
and 41. These in turn follow from the follcaing facts.,

(1) When the Radoflector is !oaded either by r, component of the wind load or by the Nv#.
forces defined by Equation 42, or both sitaultaneous!y, the attachment circle V/ - a as
well as any other parallel circle tA - constant retnainot plane end circular.

(2) The radius of any parallel circle remains unchpogs'd.
(3) All points of the meridian 0 - trr12 experienc- ',eflections in X direction only.

(4) All points of any parallel circle eiperience equal defl:ctions in X direction.I
(5) The plane of each parallel circle rotates about an axis that is parallel to the Y axis and

is situated in the plane of the parallel (Reference B).
The C component of the wind loading can be treated in a similar fashion. It can be shown

that the cable loads due to the C component of the wind rist he in the form ot

T - T' + T' coon 2 0. (446)

By means of this relationship, the a-fold redundancy is in effect reduced to a two-fold redun-
dancy, represented by the two unktnown constants T' and T' in Equation 46. These unknowns can
be found from two equations of compatibility of cable strains and Radoflector deflection* at the
two attachment points (0 a, 6 0) and

(pa,0-/2).
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(5) Preliminary Numerical Results
(a) Wind Load of 125 mph. The maximum principal tensile stress occurs at the

base ring and is equal to approximately

Nmsx (wind) " 1430 lb/ft.*

The minimum principal stress is a compressive stress and is equal to approximately

Nmn(wind) - -1080 lb/ft.*

If incipient wrinkling is permitted for the 125-mph survival condition, the minimum inflation
pressure, Pg is defined by

2 + Nin 0 (47)

resulting in

PS- 63 psf

PS - 12.1 in. of H120.

The maximum principal tensile stress then is approximately

No,,Na (wind) + 25

N.. 2510 lb/ft.

(b) Wind Load of 75 MPH Plus Ice Load (2 Inchers) Plus Weight Proper. The max-
imumn principal tensile stress occurs at the base ring and is equal to approximately

Nina1 (wind) , 1415 lb/ft.'

The minimum principal stress is a compressive stress and is equal to approximately

Nmi (wind) - -990 lb/ft.*

The required gage pressure to prevent wrinkling is

PS 57.5 Ipsf

PS .11.1 in. H420.

The maximum total principal stress is approximately

Noss - 24-, lb./ft.

(c) Tension in the Guy Cable. To determine the effect of the guy wic system
upon the membrane stresses, a competihility, condition which involves the strain in the cable and
the deflection of the radome was utilized. It was assumed that a radia deflection of the Rado-
Hlectr has no effect on the tension in the cable. The compatibility crmndition deten'rkes the ten-
sion in the cable, and for a survival wind loading of 125 mph, ihe maximum tension in the cable is
Approximately T,(max) - 12,000 nondmd

This tens:on is a result of a fab ic stiffness ( 1 ) of 2,000 lb/in, and a cable stiff---' CEAc)
of 3.2 x 106 lb. The cable stiffness correspods to approximately a 1/2-inch diameter steel cable.

(d) Strength of Mater~ial and Factors of Safely. In selecting a fabric of proper
strength, it should ire remembered that the term "safery factor' does not apply to fabric structures
in the same sense as to convenitional metal structure-. All fabrice of organic (natural or synthetic)

*Porbot N... (wind) an mis (winad) the Suy cable effect is included but inflation stresses are not.
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origin are subjected to creep when undei load. They will fail in creep rupture U the stress is
above a certain critical level. Th: relation between creep rupture stress (FCR) , quick-breaking
strength (FQ), and time-to-fail is given hi" an approximate etrirical equation of the form

F' K lg 48FT7 K 2 og

where 2 (48

Kd and K2 are constants that depenA on the material, kind of weave, etc. f
t(days) is the time tu failure

r is the unit of time (1 day).

For example, load-time tests conducted at room temperature on a two-ply Dacron-Neoprene
fabric with FQ - 237 lb/in, yielded

K, - 0.8498
K2 -0.0322.

Other factors to be considered are deterioration of the fabric aterial due to weatherirg, ra-

diation, and heat. Based on past experience with fabric structures of many kinds, a "safety

factr" of approximately 3 is considered sufficient for survival conditions.

Using a fabric with FQ 650 b/in.- 7800 lb/ft results in the following safety factors:

7800
at 125.mpb wind, SF = 0- 3.11p

at 75-mph wind plus 2 inches of ice and weight proper, SF - 7 - 3.24.

b. Preliminary Deflection Analysis. In the analysis to determine the effect of the guy
wire system on the Radoflector, expressions for the deflections of the combined systCM were de-
veloped for 0 - a and 0 - 0, e,/2 (see Figure 2n). These expressions are evaluated at ,t - a and I
0 - 0. The magnitude of the radial and tangential deflections at this point for a fabric stiffness

of 2000 lb/in, and 4000 lb/in, have been investigated on a preliminary basis and have been con-
saidered in the design. A thornugh deflection analysis, however, must be conducted to determine

the maximum deflection in the reflector ares for the operating loads stated in Reference 8. r
The inflatable structure was given the major consideration in the hardened emergency antenna

system; however, some structurnl design emphasis was also given to the feed horn support since
it was indicated that the design may have def'action problems.

The loads that the feed support structure is subjected to are the gravitational force plus the
centrifugal force due to an ngular velocity of 6.1 rpm. The acceleration defections were con-
sidered negligible snce the system need nor be operating during tht feed horn acceleration.

For the deflection analysis, the structure was considered to be a citrved beam. A strain-
energy solution was utilized, and for the loading conlition defined *boy-, the ma=imum radial and
tkngential deflections at the focal point are approximately

St - 0.2 in.

8t 0.4 in.

These magnitudes are within the allowable deflections.
5. Material Test Program

a. General. This section presents a material d-velopment and qualification test program
directed toward the selection and qualification of a material and seam constructin for the full-
scale inflatable structe.

The base mateTial must be selected primarily according to the external loads acting upon the
Pladoflector. Toe set.-ion of the most practical method of attaching the reflecting elements on
the inflatable structure ix a secondary consideratioc.
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Eased on the preliminary stress analysis of the p-oposed Radoflector, a material breaking
strength of approximart-y 600 to 650 lb/in. is indicated to prevent structure deformation due to
external loads.

Environmental testing will be conducted on the basic material. Samples of the material will
be subjected to the temperature and humidity conditions specified in the general requirements of
Peference 6. Past experience in utilizing codted fabrics in airship envelope construction has

In consideration of the environmental and functioral requirements of the full-.cle antenna

system, Dacron-Mylar or Dacron-Tedlar laminates have been tentatively selected as materials
best meeting the requirements for a structural material that is flexible, packageable, inflatable,
and dimensionally staLle. However, a material selection test program was beyond the scope of
this contract, and it should be pointed out that these laminate materials and seam construction
with these materials have not been tested at stress levels of the magnit,.e reqt:ited for the full-

scale design. Testing and further evaluation will be required to select the most suitable material.
Such testing may show that other materials such as two-ply Dacron cloth with Neoprene or Hypalo
elastomers are more desirable from a standpoint of meeting the uniaxial and biaxial strength and
seam strength requirements.

b. Contour Stability. Due to the requirement for a high degree of dimensional stability in
the Radoflector, a flexible material exhibiting high initial modulus (resistance to initial stretch)
is required. To provide an indication of efficiencies of finished woven cloths, yarn data has been
plotted to show stress-strain relationship of nylon, Dacron, and cotton yarn (see Figure 22). These
plots indicate that the initial modulus of Dacron y~m is high when compared with that of other
textile fibers.

As a result of past experience and the yarn survey, Dacron was selected as the most prom-
ising basic fiber for cloth in the inflatable structure construction. As to the cloth weave, the
system of interlacing lengthwise wazp yiin: w:.h . 'Mfng yarns, a 2 x 2 hske-
(two yarns in both warp and filling woven as one) with low-twist filament yarns has been found to
give the best adhesion and tear resistance.

c. Ma:erial Development. During the past twro years, GAC has developed a new light-
weight polyester film cloth laminate. This material is currently being used on a dynamic lift

balloon program. The laminate consists of one ply of Dacron clcth laminated to Mylar film with
an adhesive. In vddition, the laminate has a polyurethant coating applied to the cloth side. Work
on this particular laminate mterial has provided useful data and experience; however, this partic-
ular material is not adequate from a strength standpoint for the Radofle:tor. A test and evalua-
tion program will be required to select a suitable material. This program will include a selection
of the best candidate matetia!s based on an evaluation of curent material 4ata. These materials
will then be evaluated by typical developmental tests to determine their capability of meeting
basic strength and elongation requirements. Seam techniques will be developed and tested to as-
sure strength compatibility with the basic material. Final material selection will be made based
on the above tests.

d. Qualification Test Program. Qualification type material testing will be conducted on

the selected material In accordance with ASTM, Federal or Goodyear specifications, which outline
at ndard textile test methods for evaluating the effects of stress-strain under the application of
both uniaxial and biaxial loads, permeability, flexing, weathering, and temperature extretues on
the material properties. A method usinv slotted waveguide techniques will be used to r-easure rf
reflectivity and transmissivity. The type and quantity of material tests are summarized in Table 7.

D. Radoflecior Mardowd Antanno System Insallatlon
1. General

A preliminary appronach to a Radoflector hardened installation is shown in Figure 23. This is
one type of hardened site that can be designed to withstand the overpressurization and thermal
radiation of large-yield nuclear weapons at various distances from ground zero, depending on the

-peci.Ic requ -menta of a particular hardened system. The design approach taken here is to
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indicate a feasible engineering concept with the underitndin.; that a considerable amnowit of addi-
tins!l effort is required to produce a desirable operacing 4),tem.

The Radoflector hardened installation consists of a reinforced concrete enclosure that co--z
tains the iladoflector, an air pressurization system, a retractable feed horn, and an azimuth drive
assembly.

The particular antenna hardened system is best described with reference to an artist's sketch.
Figure 24 shows the antetma system in the stowed position. The pie-sbAped door configuration
used in this particular concept is sl own together with the debeis trench that tncircles the closed
doors. Also shown are the guy caible trenches, which are sealed to preclude Ray water or ice ac-
cumulption. Ln this stowed position, 6- exposed surfaces are coated with ablative material for
protection against the thermal radiatioc t'-'.t woulid be emitted,' from a nuclear explosion.

Figure 25 shows the antenna system in the operating position. The antenna system can be
erected into the operating position in no more than 15 minutes and possibly as little as 5 minutes.
Upon initiation of the system, hydraulic actuators open the concrete enclosure doors and raise the
air pressure intake. As the doors unfold, they pull out some of the inflatable structL.re to s~oc'
the initial air pressure to be evenly distributed into the deflated envelope. A high capacity a;-,
blower then pressurizes the inflatable ar .o-~e to about 4 inches of water and a high pressur
bottle system will 'top-off* the pressure to -.bout 12 inches of water. As the inflatable structure
is inflated, it autonmaticly pulls the guy . lbl-!s out of their trenches and into C:Cr oi
tion. Once the Radoflecrer takes its shape, the feed horn and its support are rotated into the
operating position. The antenna is then ready for operation.

Plgor. 24. "wlef Hardwqes &""a~ Installeloq, (Stowed Co~figuratiefl)
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Figure 25. Radoflector Hardened Antenna Installation (Operating Cenlijura-flen)

2. Harderd Enclosure
The eflated Radoflector is enclosed in a rcinforced concrete enclosure. Included ai integral

parts of the enclosure are the enclosure doors, debris pit, inflatable structure container, azimuth
derive support structure, air lock compartment, and the entrance apron.

The enclosure itself is constructed of reinforced concrete so that it may withstani the shock -1
of a nuclear blast. A linear dinplacement due to this shock will not affect the performance of the

antenna system unless pcwer connections are severed. A rotational displacement of the system
will alter operating performance.

As a final design objective the hardened antenna system will be designed to withstand an I
incident overpressure of approximately 300 psi. At these overpressure conditions, the thermal
and initial radiation effects can be ,)lerated. Also, at the distances associated with the 300-psi
overpressure, grour,d displacement would not present a serious problem. Some shock mour.:ing of
equipment would be required to protect the equipment from ground shock accelerations.

The enclosure doors provide three functions. Wher closed, the doors protect the conrents of

the enclosure cavity from being damaged by external forces. Additionally, as the doors open, they
move any debris deposited by an explosion into the debris pit. Then fully opened, an eyelet on
each door innerface could provide an anchor point for cables attached to the inflatable F-rucure
catenary curtain.

Over-all, each enclosure door is approximately 14.75 feet long, 5.25 feet wide, 2 feet thick,
aod is estimated to weigh betmeen 15,000 and 20,000 pounds. Eleven of the doors are identical,
as described abose. The twelfth door, located adjacently to the entrance apron, is different only
in that it has an elliptical cap at the pointed end which closes the opening at the center of the
doors. This causes the twelfth door to be approximately one foot longer than the remaining 11
doors.
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The actuators used to operate the doors are an oversized version of a conventional rotary
hydraulic actuator. Hydraulic fluid supply and return lines are connected to fittings on one end of
the fixed shaft. Drilled opening, in the shaft direct hydraulic fluid into and away from the two

faces of the piston. The lines serve alternately as supply and return lUnes. As a door is raised
(opening or closing), rate of motion is governed by the supply of fluid from the constant-speed,
gear-type pump. Similarly, after the door passes over center and is free-falling, movement is still

governed by the constant-speed pump because the fluid flow from the return side of the piston is

restricted by the pump. Thus the enclosure doors move at essentially the same rate when raising

or lowering. The door containing the elliptical cap (twelfth door) is controlled to always open
first aLd close last.

A debris trench encircles the enclosure doors when closed end is used to prevent debris from
jamming the duos when opening.

The inflatable structure storage area as indicated in Figure 23 is located around the feed
horn rotary platform and the center platform support. A packaging factor of 10:1 volume ratio has
been utilized as a first approximation for three reasons:

(1) An inflatable spheroid is '$ficalt to package in n minimum volume.
(2) The available packaging -,. ume is obstructed by the feed horn rotary platform.

(3) A minimum amount of reflector folding is desirable to prevent any degradation of the
antenna reflector surface.

The detailed procedure for foldin; the inflatable structure and placing it in the receptacle
must still be determined. A procedure must be generated that will assure that the inflatable struc-
ture will unfold quickly and easily as it is inflated, keeping the guy system, catenary support syz-

tern, and air seal intact and properly orientated. '41"
Ar air lock compartment pre.-ides ingress and egress to the concrete enclosure. The compart-

ment is shown to be approximately 3.75 feet in diameter and 6 feet high at the highest point (cen-
ter), and faciltates entering the enclosure when the Radoflector is inflated.

3. Radoflector Pressurization System

The Radoflector pressurization system in this particulai design concept is composed of a
high-capacity blower system, high-pressure storage bottles, and a pressure maintenance unit.

The high-cspaecity blower system that has been selerted has a capacity of aspxoximately
45,000 cfm against a static pressure of 4 inches of water. This blower capacity will inflate the
antenna in less than four minutes.

To top off the pressure, storage bottles pressurized to 300 psi will be used to bring the
antenna system up to its operating pressure of 12.1 inches of w-.er. This increase in pressure
will take place in approximately one minute, which makes the total antenna erection time approxi-
mately a five-minute operation with the assumption that the door opening and feed horn erection
can be accomplished during the pressurization cycle.

The specific design concept includes a smal compressor unit and associated controls for
maintaining constant pressure during operation. This system will include a telescoping inlet
rube to raise it above debris.

4. Feed Horn Erection Mechanism

The feed horn is erected by a unique actuating system. This system includes a drive motor,
magnetic clutch, Rtar box, shaft, and drive gear.

The feed horn with its waveguide and support structure form an arc approximately 43 feet .
long, 1.5 feet wide, and 1.D inches thick. This feed horn arc has a radius of 19 feet. The feed
horn support structure has a row of gezs-like teeth r, nnng nearly the full k.-vtl cf the unit; th.!

teeth are mounted on one side of the unit. The teeth mate with f I-ive geax, which is in turn
driven by the feed horn drive motor.

The drive gear, when r.cuated, rotates the feed horn and its support structure on a system of
rollers from its stowed position in the concrete enclosure to its operating position. The feed horn
structure at the end of its travel is fixed into position by wedge-lire blocks that are mounted on
the feed horn and engage the rollers at the fully extended position.
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waveguide disconnecting joint is located at the base of the feed horn structure. This jointI
is connected and disconnected from the rotary joint waveguide automatically as part of the feed
horn erection. The two vivegulde mating surfacei are flanged, having alignment pins to assure
proper mating. The drive mechanism is designed so that the flanges are held together with suf-
ficient pressure to prevent rf energy leakae. In addition, the ends of the waveguides are sealed
with a thin film of plastic to keep out dirt and moisre when the feed horn is retracted.

The feed horn actuating system drive motor is mounted on the enclosure cavity wall The
motor is situated so that the clutch plate, mounted en the motor .baft, is oppoite the clutch plate
on the feed horn gear box assembly.

A magnetic clvch couples the feed horn actuator drive motor to the feed horn actuator gear
box. The magnetic clutch, after actuating the feed horn, slips when the feed horn is fully ex-
tended. This feature assures that the feed horn will be run against the stops. The gear Lox is
designed to bold the feed horn in this fully extended position.

5. Feed Horn Azimuth Drive System
A rotary platform is utilized to provide azimuth drive for the antenna feed horn. The feed

structure is mounted on the rotary plattoim, aid the rotary platform is supported by a center sup-

part shaft.
The waveguide rotary joint is a conventional-type mounted on the center shaft and intercon-

necting the ttationary rf lines in the c':nter shaft to the rotating feed horn. It should be noted that
only one rotary joint is required because of the unique design of this antenna system.

An electric motor is motinted on the center shaft and seres as the feed horn azimuth drive
motor. A dual helical gear mounted on the t~otor shaft engages a mat'ng -it of gears mounted on
the inner surface of the rotating assembly, mechanically linking the drive motor to the rotating
assembly. Use of dual helical gcarp assuria smooth operation with a minimum of gear backlash.

6. Concept Review by Hardened Enclosure Consultanta

A preliminary review of the GAC hardened enclosure design has been made by Parsoni-Jurden
Corporation, 26 Broadway, New York 4, N. Y. Parsoos-Jurden Corporation ald itA parent orgli-
zation, The Ralph M. Parsons Company, have had extensive experenc in die devel-pment and
the detailed design of hardened facilities to withstand the fill range of nuclear weapons effects.
Concept development, final design, and construction have been performed by them on such projects
as Minuteman, Titan, and Nike-Zeus. as well as on other classified projects. Special areas of in-
vestigation included ground shock response characteristics of various sites, conceptual studies
for communications and weapons facilities located in a variety of soil environments, analysis and
design of linear and non-linear shock isolation devices to attenuate hi4h -cisrstions to tolerable
levels, and the development of te-r programs to pro, .ht suitability of facility components.
Based on this ererience the rev1-, - Paraons-Jurden Corporation is in agreement with GAC's
opinion that a hardened Radoflec.- installation can be designed to withstand a nuclear blast en-
viroment c 300-pi overpressure.

The following preliminary recommendatins have already been made by Parsons-Jurden Corpo-
ration after a cursory review of the hardened concept describeol in this report:

(1) Certain basic equipments require shock mounting against the devastating effects of the
ground shock. Rattle space up to appro ately one foot around shock-mounted equ;pment
must be incorporated.

(2) Consideration must 1e given to the protection of internal components against the electo-
magnetic pulse generated by the nuclear blast.

(3) A single-slab-type door which would roll in or out cn =tckz might be mom feasiLie than
the *ocange peel'-type doors presently shown in GAC's concept (Figure 23). With the
single-slab door the donr thickness could be reduced and pressure sealing would be sim-
plified. To satisfy the need of a base support for the Radoflector, various designs such
as am additidnal internal set nf doors or an internal concrete collar for the Radoflector
base support could be considered.
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4. SCALE MODEL

A. Gonsl
A scale model of the Radoflector was designed, fabricated, and tested for the purpose of com-

paring the antenna pattern characteristics at scaled frequencies with the specified design goal
performance parameters. The scale model was designed to duplicate, as closely as possible, the
full-scale Radoflectoc ieflatable structure configuration and shape, reflective surface, and feed
system since these items are of prime imtortance in determining the electrical perfnrmance. The
guy wire arrangement was duplicated to simulate their effect on antenuna patterns. It was not in-
tended that the scale model should demonstrate other mechanical features such as hardened site
stoaibe or operational deployment; therefore, no attempt was made to duplicate these features.
The balance of the mechanical and structural design was limited to tht sufficient to support the
Radoflector for pattern test purposes. The original intent was to utilize a one-tenth scale model;
however, in the interest of economy it was decided to utilize an existing eight-foot diameter hem-
ispherical wood form block as the base on which to build up a cotour tool for fabricating the in-
flatabe structure. To utilize this existing form block, the size of the model was increased to a
scale factor of 1/7.254 at 0.1377.

B. Rf Doslga
The full-scale contour was established as explained in Section 3, paragraph B-5-a. The

scale model reflector shape was scaled lown by the 0.1377 scale factor from the shape initially
established for the full-scale Radoflectot. The parameters of the scale model Radoflector com-
pared with the full-scale parameters, adjusted as a result of the univetsill dish tests, are given in
Table 8.

A change in focal distance from 27.6 to 28.0 inches resulted from the universal dish tests
(refer to Section 3, paragraph B-5-b). The new focal distance determined a new optimum spherical
radius (R) for minimum phase deviation. From the equations of Section 3, paragraph B-2, the cot-
reeed value for the scale model is R - 4.9 feet.

The original radius value (R - 4.75 feet), however, when used with the new focal dimension
(f - 2&0 inches), results in a phase deviation (actor which still remains less than A/16. For th is
reason, the original radius value of 4.75 feet was not chanted.

A selection of parallel wir es of finite diameter for the reflective surface was made for the
scale model. Wires were selected as the parallel conductors to facilitate fabication so that a
filament winding technique of applying the wires to the inflatable material could he used.

From the theoretical considerations of Section 3, paragraph B-6-b, the corresponding losses
with a wire diameter of 0.010 (±.002) inch and a wire spacing of 0.13 (+0.025, -0.50) inch are as
follows:

Transmission loss at reflecting surface (aT) - 0.6 db.
Reflection lons at transparent surface (aR) < 0.1 db.
Total loss (a) < 0.7 db.

The theoretical losses are in good xgreement with the experimentally determined losses of Section
3, paragraph B-&-O.

To determine the toleiarce of the wire diameter and spacing, utilization of the relationshipa
given in Section 3, paragraph B-6-d yields the following: f

Ad (wire diamter tolerance) -±0.002 inch.t
As (wire spacing tolerance) - +0.025 inch, -.0.050 inch.

C. Inflaftwe Str~wtw. Design
1. Contour
The shape -f the ifladtable Radoflector was developed as a body of revolution utilizing the

renormalized coordinates shown in Table 5 with the X axis depressed 11 egees. This contour is
extended ft 6 inches at the top and bottom of the reflector section with the same curvature to Paw.
clude any distortion due to change of the radius of curvature. The top is closed off by a radius
tangest to the parabola extension. The tangent radius at the bottom is continued to the base
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TABLE 8.
Parameter Comparison Scale Model versus Full-Scale Radoflector

DESIGN PARAMETER SCALE MODEL FULL SCALE

Center Frequency 0.02 gc 1. 25 gc

Frequency Range 8.72 to 9.44 gc 1.20 to 1. 30 gc

Horizontal Radius
of Revolution (at
Maximum Diameter) 56.7 inches 34.35 feet

Focal Distance 28 inches 16.65 feet

Focal Radius 28.4 inches 17.52 feet

Equivalent Para-
bolic Reflector
Diameter 42 inches 25.4 feet

F/D Ratio 0.656 0.656

Distance from
Bottom Edge of
Reflector to 5 feet
Cround Plane 6 inches (minimum)

Distance from
Center of Feed to 20 feet
Ground Plane 28.8 inches (minimum)

10-DB Speamwidth
of Primary Feed
Horn 82 degrees 73 degrees

Feed llorn Aperture A = 2. 12 inches A = 16.80 inches
B = 1.51 inches B = 12.75 inches

Illuminated Reflector Hori7.nnt~l - 42 inches Horizontal - 25.4 feet
Aperture Vertical - 40.25 inches Vertical - 25.4 feet

Conductor Size Diameter = 0, 010(:0. 002) Width = 0. 47 (+0. 10, -0. 05...
inch Inch

Conductor Spacing
(Center-to-Center) 0. 130(+0. 025, -0. 05r- ich 1. 42(,0. 10, -0. 20)iiches

Tolerance Control
of Surface *0. 081 inch tO. 60 inch

Angle of Depression
of Electricai Axis
of Vertical Reflector
Contour (with Res-
pect to Center of
Revolution) 9 degrees 9 degrees
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attachment point. The vertical axis of revolution is eatablish-d to provide the horizontal curva-
ntre required to obtain the proper horizontal aperture. Figure 26 shows the contour geometry for
the Radoflector fabrication tool. All ordinates and dimensions shown are -educed by one percent
from the desired Radoflector inflated shape to allow for elongation at operating pressure.

2. Material Selection
The material selected for the model inflatable structure is a film-cloth laminate consisting of

Dacron cloth, Type 481 ........... 4.5 oz/yd
2

1-mil weatherable Mylar film ....... 1.0 oz/yd
2

Clear adhesive .................. 0.5 oz/yd
2

The total weight of the laminate material is 6.0 oz,/yd 2 . This ,-.e.rial wnq marfactured by the
Schjeldahl Company.

The Type 481 Dacron cloth is a 2 x 2 basket weave cloth made from Type 51 Dacron fiber.

This cloth has a warp strength of 225 lb/in, and a fill strength of 205 lb/in. This laminate mate-
rial is considerably stronger than required for the pressure and wind loading anticipated for the
model. This material was selected because of the desirability of developing manufacturing tech-
niques with a heavier material more closely representing the characte.istics of a material that
would be suitable for a full-scale Radoflector and because of the immediate availahility of the

Type 481 Dacron cloth.
3. Elongation Considerations
A cylinder 12 inches in diameter and 36 inches long was fabricated and pressure teated as

shown in Figure 27 to determine elongation characteristics of the laminate material Circumferen-

tial and longitudinal growth were measured under pressure with additional axial load applied to
provide longitudinal stress level equal to the circumferential stress level since the near spherical
shape of the Radoflector model would have near equal stress levels in all directions. Allowing a
five-minute creep time interval for each reading, measurements were made over a pressure range of
0.5 to 5 psi which provided fabric stresses within the operating stress levels expectcd during

field testing of the model. Elongation dr.ta was not conclusive; however, rfaults indicated a
growth in the order of 0.5 percent at the stress levels anticipated for the model.

A 22-inch diameter sphere was fabricated bxn the same Dacron-Mylar laminate material to be
used for the scale model to further evaluate elongation and to check the preforming and splicing
techniques. Each hemisphere of the sphere consists of five gores which were vacuum-formed and
then assembled on a steel mold, wsing a Schjelbond GT-100 as the bonding agent. The unit was

thea pressurized in one-psi increments from I to 5 psi. Measurements from the center of each gore
on the opposite side were taken at each pressure increment as a further check on growth charac-

teristics. Measurements showed an approximate average diametric growth of 0.64 percent with a
short crecp :1e increment of similar duration to that used on the cylinder elongation test. -1

Experience has shown that elongation will increase with time under load conditions; since the
test measurements -. ere taken after a rather Lhort time period (5 minltes), an elongation allowance
of 1 percent was selected. The contour dimensions used for initial fabrication of the model were
decreased by this amount to allow for growth after pressurization.

4. Configuration
The model inflatable structure design shown in Figure 28 consists of 12 equal sized (30-

degree segment) vertical gore panels bonded together at thin edges with & butt splice. A small
circular sectinm is inserted at the crown for termination of the gore panels. The Mylar face of the

laminate is on the outside surface, and afl joints are bonded on the inside (Dacron to Dacron)
utilizing a butt strap. Eigbt sta.ps crossing at the crown of the structure ind extending down just

below the 45-degree tangent point provide attachment for 16 guy cables.
The bottom edge of the inflatable structure is reinforced and flanged inward to provide for

attt-.entt to the base platform.
The upper half of the reflector surface consists of parallel 0.010-dameter stainlcss steel

wires oriented at 45 ee tes. The reflector elements were laid out by drawing methods and were

checked by calculations.
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A difficulty encountered with the wife layout evolved basically from the two different curva-
ture functicns that form the reflector surface contour. The wires are spaced at 0.13(+0.025,
--0.050) inch and cross at a 45-deg:ce angle to all lines that are parallel to the base at all heights
of the Radoflector. This configuration was selected to obtain maximum efficiency of the reflector.
The objective is to place the wife.s so that the projections of the reflector surface grid and the
tran.;)arrnt grid suirface (the opposite surface) onto a common plane should result in nearly a 90-
degree included angle between the two lines at the intersection point. Also, this 90-degree par-

tern should be maintained over as large a portion cf the Aperture as possible. For die scale model
layout, the exact 90 degree included angle is centered vertically in the middle of the wire pattern
(upper half of the reflector) to optimize the included angle and spacing. The cable in Figure 28
shows thz geometric ordinates fc the parallel wire locations on the surface of the reflector. It
was foond for the relatively short over-all heigh.t of he parallel wire reflector section located near
the center of the near spherical structure that wires soaced at a constant spacing at a 45-degree
angle on flat Mylar film, when formed to the reflector contour, would satisfy the geometric require-
ments within satisfactory limits.

The lower half of the reflector surface is a solid reflectivc material utilizing vacuum de-
posited aluminum 2000 angstroms thick on Mylar film. I he two reflective materials are bonded
to the outside svrface of the inflatable structure.

5. Fabrication Techniques and Tooling
A hemispherical male form block was fabricated for laying up and bonding the gored structure

and for use as a master for fabricating a female preforming mold. This tool design is based on - ,-
adding a build-up to an existlng eight-foot diameter hcmispherical form block to achieve the de-
sired contour. The existing form block was built up as shown in Figure 29 by adding wood ribs
and expanded metal screen. Epoxy resin was applied to approach the desired contour. Final ac-

curate contour was achieved by sweeping thin coats of resin on the surface with an accurate con-
tour template which is hinged at the two vertical poles of the form block. The completed male
tool is shown in Figure 30. From this male form block a fiberglass female preforming mold was
fabricated. This female section was utilized as a preforming mold for the Dacron-Mylar gore sec-
tions. A fiberglass female trim template was also made from the male block for lise in tilmMing
the preformed gores to exact size.

Upon completion of the preform and the trim tools, the developn-nnt of a fabrication process
technique was undertaken. lis development was very important in that a number of different
materials, adhesves, and steps are insolved in the manufacture of a gore. The .ollowing tech-
niques were developed and utilized for fabricating the model:

The first step was to bond the aluminum wires at a 0.12 spacing to a Mylar film using a fila-
ment winding concept. The wire-Mylar film -vas then trimmed and oriented to a 45-degree angle.
tUting a heat sensitive tape, aluminIzed Mylar is then bonded to both end. of the wire film. Al-
though the aluminized Mylr is not attached above the wires in the completed inflatable structure,
it must be attached at this point to ermble the applying of a vacuum in the preform tool and trimmed
off later. This assembly, slightly larger than a gore, was then placed in the preform tool, a vac-
uum was applied, and the assembly was allowed to cure in the oven (see Figure 31). Ibis assem-
bly was then removed from the preform tool.

The second step was to cut a section of the Mylar-Dacron cloth to a size slightly larger than
a gore. This section was then placed in the p-eform tool, a vacuum applied, and the material

cured in an oven.
The third step was to bring the two preformed sections together in the preform tool, apply a

bonding agent between them, connect a vacuum, and cure the complete assembly in an ovon. This
completed 3ecticr then is one of 12 gores laminated of wire-Mylar, aluminized Mylar, snti Mylar-
n-,cron cloth.

The fourth step was to accurately trim the completed section to the gore size, using the trim
tool. At this time the aluminized Mylar material lying above the wires was trimmed off.

Six preformed gores were then bonded together on the inside surface (Dacron side), using a
butt splice joint to form each half of the inflatable strucnure (see Figure 32). Schjelboad GT-100 J
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heat sealing adhesive was used as the bonding agent. The two halves were then bonded together

to make the complete Radoflector structure.
The seam construction presented the major problem in the assembly of the inflatable model.

During fabrication, the heat sealing of the s:ams shrinks the laminate material in the seem area.

This shrinkage causes a scalloping effect at the gore seams and wrinkling of the adjacent antenna

fabric-filin since the seams are shorer than the adjacent material because of shrinkage. After

initial inflation, the wrinkling of material adjacent to the gore seams was still evident, indicating

a near zero stress condition in this area with the majority of the load being in the seams.

In an attempt to improve this condition, the material next to the seams was shrunk with a hot

iron of the same type used for making the original seams. This was done at all seams with the

model inflated and was successful in eliminating practically all the wrink!es. Continued applica-

tion of inflation pressure, after the above hot iron shrinking process, was successful in effecting

a considerable improvement in the scalloping or indentation at the seams.

Subsequent to the assembly of the inflatable structure, the seaming technique was inyceti-

gated further in an effort to eliminate the shrinkage problem and the resulting wrinkling and scal-

loping in the seam area. Seam samples have b-co made ua:ig butt splice strips made from pre-

formed laminate material and a modified technique for applying the heat sealed adhesive. Very

iood re-sul:r -yere obtained on sample seams made in this manner, indicating satisfactory elimina-

tion of the shrinkage characteristic encountered on the model.

D. Base Platforn and Guy System
The base platform design is octagonal in shape, consisting of two 3/4-inch thick plywood

skins spaced approximately four inches apart by eight radially spaced 2 x 4's. Sixteen cantile-

vered outrievers are bolted to this main platform. Sixteen guy wires, to simulate full-scale con-
figuration during model pattern tests, will be attached from C. outriggers on the base to tabs on

a support "ap that fits over the top of the Radoflector model (see Figure 33).

E. Food Support
The feed support is a cantilevered welded tubular strut with a sliding joint at the base to pro-

vide hand screw actuated vertical adjustment o" the feed horn. The feed support is in turn mountcd

on a machine tool universal vice which provides precision rw('-axis lateral position adjustment. -In
addition, the tilt angle of the feed horn can be adjusted (see Figure 34). The above adjustments
are provided so theat the feed horn can be located in the optimum position with respect to the Rado-

flector surface during rf radiation pattern testing.

F. Entrance Air Lack

The entrance airlock consists of a fabric cylindrical sleeve that is attached to the base plat-
form, a base plate, a pressure-sealed zipper entrance into the air lock, and a pressure-sealed
entrance door in the base platform (see Figure 35).

G. Pressurization System
An existing rnrtahle electrically driven compressor system was utilized with suitable reducer

valves to pressurize the Radoflector model. A liquid manometer was used to permit manual moni-

toring of the pressure during the pattern testing. Inflation pressure range was established to be
between seven and nine inches of water. A pressure relief ralve was provided in the base plat-
form to protect the Radoflector from overpressure.

H. Testing
1. General
The scale model was analyzed both electrically and mechanically. To make a proper analy-

sis, however, a comparison basis had to be established. This was accomplished electrically by
fabricating a standard dish to the theoretical horizontal and vertical contours and mechanically by

fabricating a vertical contour template to the theoretical vertical contour.
2. Standard Dish Tests
As stated previously, the ieasibility of the Radoflector concept was established by comparing

the test results of the scale model with the test results of an equivalent solid reflector in place of
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the inflatable reflector surface, using the same feed and grourd plane. The solid reflector, which

is referred to as the standard dish, has an ape:tkre equivalent to the portion of the inflatable re-
flector, which is illuminated with a taper grea'er than -14 db.

The standard dish horizontal and vertical contour was made from a special tool. The tool was
fabricated from w ,od and plaster and accurataIly swept with a template cut to the contour of the
universal dish. I ie standard dish was fabricated on the tool by laying up a reinforced laminate

of fiberglass. After curing, the fiberglass was metal sprayed with Y;nc to obtain a reflective sur-

face (see Figure 36). The standard dish was installed on the scale model base assembly in the
same relative position that the inflatable structure reflector was in when inflated. The complete
assembly was transferred to GAC's Wingfoot Lake Antenna Test Facility and installed on the silo

test tower (see Figure 37).
The antenna pattern measurements were determined using a 960-foot antenna test range, with

the transmitter an test :.ntenna located 40 feet above ground level. The feed position was ad-
justed to obtain the best trade-off between azimuth and elevation patterns. Figure 38 shows the

final feed position with respect to the contour coordinants. Figures 39 and 40 show the corre-

sponding elevation and azimuth patterns at the center design frequeny. The gain of the antenna
was determined using a standard gain orn. The following electrical characteristics were
determined:

Gain (G) = 31.35 db at f0 
= 

9.08 gc.

Half power azimuth beamwidth (a) - 2 degrees at f0 - 9.08 gc.

Side lobe level = -19 db at f0 = 9.08 gc at elevation angle of maximum radiation intensity.

Elevation pattern: csc
2 0 from 9 to 30 degrees within t2 db at f0 =9.08 gc.

Table 9 gives side lobe levels and beamwidth (a) at the peak of the elevation pattern; de-
viations from the theoretical csc2 0 elevation pattern between 0 and 30 degrees; and gain figures

at the test frequencies 9.08, 8.72, and 9.44 gc.

TABLE 9.
Standard Dish Test Results

Aziduth
Beamwidth Sidelobe Deviation

Frequency Gain at Pevr' of Level From csc
2 

0

(g) (db) Elevation (db) Elevation
Pattern Pactern (db)

9.08 31.35 2.0 19.0 I ±2.0

9.44 30.45 2.0 -19.25 ±2.0

8.72 32.50 2.0 J -19.' ±2.0

It should be noted that the elevation patterns exhibit an unusually high secondary lobe at an
elevation angle of 13 degrees. The deviation of ±2 db from the csc

2 0 curve was attributed to this
lobe.

The deviation from the csc
2 0 curve was considerably less than ±2 db in the region firm 0 =

13 degrees to P = 30 derres.
The rtsults did nor nuite meet the desired design objeczive, but the 4-a :an be compared to

the scale model Radoflector to prove the feasibility of the Radoflector concept.
The test results were less than tbe desired objectives because of the following factors:

There was some warpage of the standard dish, particularly in the area of the upper two corners.
The corner, warped inward either during cure or metal spraying cr both. This resulted in some
deviation from the desired vertica ! contour, particularly in the area of the outer edges near the
upper corners where the deviation was approximately 1/4 inch. Also this warpage causes the
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NORARALiZED VERTICAL
REFLECTOR CONTOUR (TABLE A

HORIZONTAL PLANE IO

% 9 . 5 6 " X - ' Y -0 - 1 1 0; ., .

-~7~ / CENTER OF REVOLUTION

/ FOCAL POINT/ (X=27.5",Y--0.5")

20.69 PRW",AAY HflQN AXIS
(FEED ANGLE- - 110

GROJND PLANE

Figure 38. Feed Position Parameters Determilnal for Standard Dish Tests

horizontal radii to be sharper than desired netr the upper edge where the comers were warped
inward approximately 3/32 inch,

Tf " variation from the established vertical contour cont:ibutes to the vertical pattern devia-tion. The high secondary lobe At 13 degrees probably results from this condition. Also the
change in horizontal curvature, due to the warpage, tends to cause the horizontal and vertical
focal points to be separated from each other farthei h6La "ticipated. The feed position was
adjusted to yield the best compromise between the horizontal and vertical patterns; however, the
results were not as satisfactory as would have been expected if the hurizontal and vertical focal
points had been more nearly coincident.

3. Scale Model Tests
The standard dish that was used in the test previously described was replaced with the scale

model Radoflector. The same feed and support structure were used n both tests. Figure 41
shows the inflated Radoflector mounted on the antenna rest tower. The feed position was ad-
justcd slightly (from the position determined from the standard dish tests) to achieve the best
possible elevation and azinuth patterns. Figuie 42 shows the final feed position witj respect to
the contour coordinates. Figures 43 and 44 show the corresponding elevation and azimr.t pat-
terns at the center design frequency. The gain of the antenna was determined in the Zuae manner
as in the standard dish tests, using a standard gain horn. The following electrical characteristics
were determined:

Gain (G) = 30.9 db at f0 - 9.08 gc.
Half-power azimut6 beamwidth (a) = 2.1 degrees at f0 = 9.08 gc.
Side lobe level = -15 db at f0 = 9.08 gc at elevation angle of maximum radiat',n intensity.
Elevation pattern: csc

2 
from 9 degrees to 30 degrees within ±1.5 db at f0 = 9.08 gc.
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// INFLATABLE ENVELOPE

4 / NORMALIZED VERTICAL
REFLECTCR CONTOUR (TABLE 4)

FOCAL POINT -~11o
HORIZONTAL PLANE X2 "Y-

-100

CENTER OF SPHEROID
X =0, Y = 0

PRIMARY HORN AXIS
o (FEED ANC-LE= - 100)

-0

GROUND PLANE

Figure 42. Feed Posith,., Porwrttrs Determlned from Scale Made[ Radoflctor Tests

82~



- -4 .- - - . -

- H- ~BBB- 1
FH--

Ij pi

+LL-



.1 IT

- c - i

I IIL

* ~ zz z Lj2~IZ]Zi 2.Jillr

q 1- 3 --AIIV-3 - .1-
:~ : 44

iZZi +Th

8421z1 I1

... .........



Table 10 gives the deviations from the theoretical csc
2 0 elevation pattern between 0 and 30

degrees, side lobe levels, gain, and bear,*idths (a) at the Deak oi the elevation patten at tr,.t
frequencies 9.08, 8.72, and 9.44 gc.

TABLE 10.
,Scale Model R,,doflectcr Test Pesults

Azimuth
Bean.widd Deviation

Frequency Gain at Peak of Sidelobe From csc
2 0

(gc) (db) Elevation Level Elevation
Pattern (db) Pattern (db)

(Degrees

9.08 30.9 2.1 -15.0 ±1.5

9.44 - 2.1 -14.8 ±1.8

8.72 - 2.2 -15.0 ±1.8

It is interesting to note that the unusually high secondary lobe, which occurred at an eleva-
tion Angle of 13 degrees in the standard dish test, 4ininished. It seems apparent that the inherent

vertical curvature chafacrerist~cs of the inflatable surface has eliminated the appearance of a
warped surface, which was the case using t.e standard dish.

The uniformity of the reflector surface was determined Sy taking elevation and azimuth pat-
terns with the feed positicon ch.r,6ed in azimuth in increments of 45 degrees. In this manner, vari-
ous segmenits of the reflector surface were i!luminated, and the variance in rtsultant patterns was
obsersed. Table 11 gives the resultant azimuth bearowidth and side lobe characteristics as the
feed position is rotated in azimuth.

TABLE 11.

Variation of Electrical Characteristics of Scale Model Radoflector 's
Feed Position Is Varied in Azimuth (f =9,X8 GC)

Azimuth BeamwidthFeed Position o lvtoat Peak of Elevation Sidelobe Level
Variation in Azimuth a t (d b L

Pattern (db)
(Degrees CT) (Degrees)

0 2.1 -15.0

45 1.9 -11.8

90 2.0 -14.4
135 1.8 -10.6

180 2.5 -14.6.

225 2.1 -12.0*

270 2.3 -,,.4

315 1.9 -14.0

*A severe coma lobe appears in the main lobe with a value ,f --6.3 db at thb
225-de;rs! feed positioa.

4. Vertical Contour Evaluation

A template was used to check the Radoflector vertical contour. The template wa:; fabricated
to the theoretically calculated vertical contour and was mounted on a support that provided verti-
cal, horizontal, and tilt adjustment.
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Certain checks of the Radoflectcr contour were made prior to far field r* tests; however, after
completion of the rf tests a more detailed evaluation of the scale model was made. The data oh-

tamined during this evaluation is given in Table 12.
To measure the contour deviation the template was mounted as shuvn in Figure 45 at one of

the even numbered outrigger arms or station i, 2
.hw, in Figure 46. The template wac ad-

justed until the upper and lower edges of the template were 0.50 inch from, and in line with, the
upper and lower limits of the Radoflector reflective surface. (In Table 12 the dimensions +19.56
inches and -20.69 inches define the upper and lower limits, from Y = 0, of the reflector surface
respectively.)

Measurements that define the Radofiector deviation from the template contour were then taken
at Y = +10 inches,4MM 9, and Y = -10 inches. To supplement these measurements additional
measurements were taken. The.,- iaictude the angular position of the ternplate, the radii, p>osition'

of the temiplate, and the gore seam indentation of the rnp, centrr, azd bn :tom of the reflective
aurface.

The measurem'f' '.,'ned above were nade and recorded at every even nuiabezed station
around the complete circumference of tl.z Radoflector.

An analysis of the data ir, Ifable 12 reveals that, even though the gore seaming problem out-
lined Ln Section 4, paragraph C-5, caused a scalloping of the inflatable structure, the deviations
from the maximum surface tolerance of -0.081 inch is generall) not severe oaer most of the gore
sceions. Because a solution to the gore seam problem has already been determined and tested on
sample sections, it is believed that for future un'i-: the contour tolerance of A/16 can be held over
the entire surface.

An observation of the deviations of th, Lztcom edge of the template horizontal position from
the cheoretical position of 44.00 inches shows that the inflatable structure diameter is undersize

at thi. point by 1.25 inches. (The figure of 1.25 inches is an average of the deviations shown in
Table 12.) This undersize condition is attributed primarily to the gore sears scalloping effect and
would not be appreciable in future units.

5. Analris of t.e Far Field Test Results
The results of the test program demonstrate that the Raduflector principle is capable of closely

matching the preformanre of a solid refl-rtor anenrna. 7ompsri!-n between the scale model and

the standard dish are as follows (refer to Tables P and lT:
(I) Thoe scrile model Raduflector achieved the desired csc 2 

0 elevation pattern from 9 to 30
degrees within ±1.5 db. The standard disb did not quite achieve ±1.5 d, but rather
achieved +2.0 db becaus;e of warfage Pt the corners of the reflector.

(2) At center frequency (9.08 gc) the difference in mea.Aured gain between the scale model
and the standard dish was less than 0.5 db. Both reflectors exc.eded the goal of 30-db
gain by approximately I db.

(3) The measured side lobe levels of the scale model were higher than those of the standard
dish. At the elevation angle -f peak radiation intensity, the scale model side lobe Lvel
was -15 db and the standard dish side lobe level waa -19 db, or -4 db lower than the
scale model. Neither reflector achieved the goal side lobe level of -25 db.

The uniformity tests conducted on the reflecting surface indicated that the principal effect of
non-uniformity is an increase in side lobe level and degFadation of azimuth patmeri. The elevation
pattern was affected, but to a lesser degree by the non-uniform surface. The respective elevation
and azimuth patterns are L.uiained in Appendix A.

With the exception of side lobe charactetestics, the feasibility of efficiently produci.'g a de-
sired shaped beam radiation pattern using the inflatable Radoflector concept has been uojwn. The
excessive side lobe levels have been &,:ibut, I mainly to the ?'rironotal contour deviations that
occurred because of the gore seam indentation effect and aperture blockage due to the feed suppot.

The test results of the scale model have indicated areas in which electrical performance can
be improved by moderate design modifications. For example, by reducing the 10-db beamwidth of
the ptimary horn from 82 to 73 degrees, a reduction in sidc lobe level can be realized and has been
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RADOFLEC TOR-.

VoF.RTCAI. CONTOUR TEMPLATE- 0.50

ANGULAR SETTING OF TEMPLATE/9

VERTICAL CONTOUR 7 .
TEMPLATE SUPPORT - ' WRE GRID SECTION
ARM

HORIZONTAL. __________

2- AXIS LEVEL -
- SOLID REFLECTOR SECTION

0/

VERTICAL ADJUSTMENT DEINCNORBASE AS SEMBLYDEIG CONO[
SCRIBE LINE 44.00 _~IOF BASE ASlY

TEMPLA.c -LX.IBE LINt
44.00 TO BASE ASS'?

Figure. 45. Seal. Model Contour Template Mounting
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Figure 46. Scat. Model Contour Measurement LocationsSi

incorporated in the finalized full-scale design. In addition a more significant reduction in side

lobe level can be realized by reducing the arvertuae blockage of the antenna system.
It was stated in paragraph H-I th.at for fut.¢- units it is believed that th-e fabrication contour

tolerance of A/ 16 can be held over the entire surface. A.s a result a significant azimuth patternI: ;

patterns should also be relatively independent of the rotational position of the feed.

5. CONCLUSIONS AND RECOMMENDATIONS
The results of the engineering study and scale model testing Irave demonstrated that an in- ii;,

that art infli table structure can be surfaced with a grid of closely spasced parallel conductors or
dipoles to form a reflector that does achieve specified radiation parameters, and that this com-
pleted inflatable structure (Radoflector) can be installed in a practical hardeiivd no*.1 

,swe to
answer the military need for a survivable emergenc'y antenna system.

Installed as a ground control intercept or return to base communications antenna, in the en-
• system, or as an emergency search radar system in the aircraft air defense environment, it ,-,ill bei

cairble of eriseio andopeation toteternal reouncts imediatte oloiga e mictatingv

nuclear blast.
; ,,.It is .ecornmended that the Air Force proceed with the design and fabrication of an engineering

setrice test model of the post-attack antenna system described herein and also included in the
prototype design data (Reference 5). Particularly, it is recommended that immediate effort be ap-
plied to the materials test program outlined in Seetion 3 to select the best combinati-i of high
strength, lightweight, inflatable r.r ~erials.
90
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APPENDIX A

ANTENNA TEST PATTERNS
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AppenJlx C

ADDENDUM 1 TO RADC.TDR43-64

It has been established that thjee was a diffrrence of interpretation of the vcrt;Lai patternI
speci f~cAtion on the program re:7otted hereio. In essence, the interpretation made by Goodyear
Aircraft Corp-.ri- '-A C) is that the pattern is defined from 0 - 9' to 30' elevation angle AMd
sha:l follow a pattern csc

2 0 between these limuits. Rome Air Development Center (RADC) de-
sire3 a pattern that is dfined irom 0' to 30' having a 9' beamwidth and thei, csc2 

to 30.
It is the opinion of GAG thAt either pattern can be achieved using the Radrflector. As will

be .istee below; the differences in the configuration to meet the alternate pattern requiremeents are
.:trall. Hence, the feasibility demonstrated in thiz; TDR is applicable to both pattern requirements.

DESIGN OF VERTICAL APERTURE

A peculiarity of the Radoflectcr design is :hat the use of a single, simple feed horn requires
thit the vertical apertr- be equal to the horizontal aperture. This fact is derived from the re-
quirevi usme of a horn polarized at 450 aud the undesirability of a canted ellpticai iiiminrcron of
the reflecting surface. Since the specified patterns can be met with a horizontally oriented eiliptic
reflector, a larger than necessary aperture must be used.

In tr, 't*io. sign. the excess aperture imposed no problem. With the pattern defined 5

fromt 9" to 30'j the 'rumhlehome,* or drop-off in energy outside these angles, could be as sharp as
desired. Hence, extra height was used to asapen the * cumblie' in the ar.pular range fr-;= 5
to 9" This was accomplished by scaling the vertical aperture while maintaining the rati, of the
parabolic to shaped apertures.

However, slace the pattcrn des ized by KADC is defined from 0" to 30"*, thv approach usted
previously is no longer entirely corrrecr. A suitable alternate apprroach. though.lie o 'nev use of
a beamn consisting of cic

2 
shnping from 9' to 30" and the modified *huping r-quired from 00 to 9..

In this way, the "turnblehsne* rtarilting frorr too Nrgte an aperture is *filled ir' by a section of
the reflector at the top of the aperture. Thm compational effort to define this contour is not a,
pre-ciably difforent from that u,"d on the previous simpler design.

A cursory comsputationi of the p.mrb-sble contour based or. relative ene,3gy conlsiderations h?!t
been made. A plot of this contour is shoawn in Figure 19A. which xives the previous contot= fot
comparison. To accenticrfe the extent of th,- differecces, the bottom point of each contour is madet

the saome. A plot of the eievai~o ,-inewu ukain, . h t zriginrl ont.ur cz!:p'ared with the
predicted elevation pattern for the modified contour is shown in Figure 19B.

As is evident, both corito~trs led to essentially the same confietation. The most noticeable
differences lie in the relative widths of the boods of solid reflect-or and parallel wire reflectors,
This sariation, however, has an almost negligible effect on the electrical performance, insulting 4
as it does in a small losz in gain. As is noted in this TDR, the gain s?.ecificativa is exceeded.

MECHANICAL AND STRUCTURAL DESISH

In considering the efiect3 of the modified reflector contour from a mechanical and structural
design standpoint, no change has resulted that would affect the feasibility cf the Rptdoflrctor con-
cept. The mechanical characteristics of the initial reflector contour, des-eloped and tested during
the Radoflecroc program, will be ba~icsAy the same for the modied reflector Contour. An can be
noted in Figure 19A, two basic changes would occur in the mechanical design as a result of the
modified reflector contour:

C-1



FCCAL P? G kTP

- MOOFE5 GO'LTR

Fiur 19A Moai4vru rgnlGoer

rejctin i sie iproesFiue structur . vrss rial G-rotac sm~ ,set rd sdflcin

caused by the wind loading on the structure.

SUMMARY

The novelty of the propczrJ. !.,g results strictly from the rarify of a prmhlem mnvolvingq tan),
mich aperture. The concept is practical, straight-for~ axd, and relatively simple. The resultant
design varie% i only minor details from thit previously achieved and in no way cast-s dc.;bt cn the
ptoof of feasibility. inasmuch as the design variation is insig-ificanr, the:re i.- no change in the
budgetary estimate for the full-scale engineering se-vice test model.
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